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ABSTRACT 


This  is  the  final  report  on  work  performed  under  the 
High  Altitude  Radio  Relay  (HARR)  study  contract.  The  HARR 
program  was  an  applied  research  study  effort  in  support  of  the 
Advanced  Research  Projects  Agency  requirements  for  Remote 
Area  Conflict  communications  (Project  AGJI.E).  The  theoretical 
and  analytical  investigations  were  aimed  at  determining  the  key 
characteristics  and  parameters  of  systems  to  enable  the  use  of 
military  communications  equipment  over  difficult  paths. 

The  operational  parameters  considered  were  traffic, 
transmission  range,  terrain,  foliage,  frequency  range,  modula¬ 
tion,  and  types  of  relay  capabilities.  Equipment  parameters 
were;  relay  control,  transmission  modes,  size  and  weight,  radio 
frequency  power  levels,  receiver  sensitivities,  power  require¬ 
ments,  operational  life,  interference,  jamming,  platform  per¬ 
formance,  platform  payloads,  compatibility,  basing,  availability, 
and  costs. 

The  study  was  broken  into  four  tasks;  communication 
mission  requirements,  propagation  analysis,  relay  analysis, 
and  platform  analysis. 
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SECTION  1 


SUMMARY  AND  CONCLUSIONS 


1.1  GENERAL 

This  is  the  final  report  on  work  performed  under  the  High  Altitude  Radio 
Relay  (HARR)  study  contract.  The  HARR  program  is  an  applied  research  effort 
in  support  of  the  Advanced  Research  Projects  Agency  requirement  for  Remote 
Area  Conflict  communications  (Project  AGILE),  and  under  the  contractual  and 
technical  direction  of  the  United  States  Army  Electronics  Command  (USAECOM), 
Fort  Monmouth,  New  Jersey. 

The  study  is  an  investigation  of  elevated  radio  relays  to  extend  the  range 
of  remote  area  communications.  The  systems  considered  can  generally  be  sep¬ 
arated  into  two  parts;  the  electronics  equipment,  and  the  elevated  support  or 
platform. 

1.2  OBJECTIVES 

The  objectives  of  the  study  are  to  select  and  recommend  optimum  relay 
equipment  and  compatible  platforms  from  the  current  military  inventory  for  the 
immediate  time  frame,  and  to  recommend  developmental  areas  for  retransmis¬ 
sion  systems  of  the  future. 

1.3  SCOPE  OF  WORK 

In  identifying  the  optimum  relay  platform  configurations,  the  study  has 
been  largely  parametric  and  considers  three  time  frames,  initial  (1968),  interim 
(1969-1975),  and  long  range  (post-1975).  For  the  initial  period,  investigation  has 
been  confined  to  the  use  of  existing  inventory  equipment.  Recommendations  for 
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the  interim  time  frame  include  improvement  to  existing  equipment.  For  the  post- 
1975  period,  promising  areas  for  development  and  applied  research  are  discussed. 

1.3.  1  Approach.  The  requirements  for  rebroadcast  systems  in  remote  area 
conflict  have  been  examined  mainly  in  the  context  of  war  in  Southeast  Asia.  Sec¬ 
tion  2  of  this  report  is  an  overview  of  communications  in  Viet  Nam.  It  discusses 
the  military  organization,  geography  and  climate,  tactical  concepts,  and  com¬ 
munication  systems.  Section  3  discusses  the  principles  of  relay  operation,  wave 
propagation  over  difficult  paths,  application  of  contemporary  equipment  to  the 
retransmission  problem,  and  the  potential  for  relay  development.  The  examina¬ 
tion  of  platforms  in  Section  4  includes  a  selection  analysis,  cost  effectiveness 
modeling,  and  a  random  aircraft  sortie  distribution  analysis.  A  variety  of  ele¬ 
vated  platforms  are  discussed  including  powered  aircraft,  manned  and  unmanned, 
a  tree -supported  platform,  and  tethered  and  free  balloons, 

1.4  CONCLUSIONS  AND  COMMENTS 

In  addition  to  the  specific  recommendations  for  equipment,  usage,  develop¬ 
ment,  etc.  ,  contained  in  the  body  of  this  report,  some  general  comments  and  con¬ 
clusions  may  be  drawn  from  this  study. 

A.  No  single  platform/  relay  combination  can  be  specified  as 
optimum  for  all  purposes.  The  requirements  are  a  function 
of  the  mission,  logistics,  tactical  exigencies,  etc. 

B.  The  use  of  combinations  of  existing  communications  gear 
for  high  altitude  relay  in  the  F1-F2  mode  may  be  difficult 
unless  the  equipment  was  specifically  designed  for  the 
purpose.  The  spurious  radiations  and  responses  of  con¬ 
ventional  transmitters  and  receivers  are  typically  required 
to  be  at  least  50-70db  below  performance  at  the  channel 
frequency.  This  is  insufficient  for  relay  operation  where 
the  necessary  margin  may  exceed  150-170db.  Tests  of 

the  AN/PRC-25  transceiver  described  in  the  appendix 
clearly  illustrate  this  problem. 


C.  The  conclusion  of  B  .nay  be  extended  to  suggest  that  multiple 
channel  high  altitude  relay  using  inventory  equipment  not 
designed  for  the  purpose  may  be  difficult  or  impossible, 
especially  in  the  VHF  region. 

D.  Platform  costs  for  HARR  so  exceed  the  relay  equipment 
expenses  that  the  cost  analysis  for  the  platform  alone  is 
essentially  the  same  as  for  the  platform/ relay  combination. 
Thus,  a  100%  increase  in  relay  cost  to  produce  10%  better 
mission  performance  may  be  an  economy. 

E.  Development  of  directive  antennas,  even  at  VHF,  is  con¬ 
sidered  a  necessity  for  HARR  if  their  potential  is  to  be 
developed.  In  the  absence  of  antenna  directivity,  long  range 
RFI  problems  will  limit  the  number  of  elevated  relays 
that  the  spectrum  will  accommodate. 

F.  The  concept  of  high  altitude  switchboards  similar  to  dial- 
direct  radio  telephone  systems  should  be  explored.  An 
elevated  switchboard  would  provide  a  higher  utility  factor 
for  the  available  channels  than  a  repeater.  Better  utiliza¬ 
tion  of  channels  becomes  a  necessity  for  a  tactical  network, 
for  instance,  where  a  large  number  of  users  make  infre¬ 
quent  calls  of  short  duration. 
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SECTION  2 


COMMUNICATIONS  REQUIREMENTS  AND 
MISSION  MODELING 


2.1  INTRODUCTION 

The  objective  of  this  program  is  to  study  airborne  relay  systems  which 
will  extend  military  communications  in  remote  areas  of  conflict. 

A  study  of  airborne  retransmission  to  extend  communications  must 
include  a  definition  of  "how  far"  and  "by  what  means"  since  the  Signal  Corps 
has  a  variety  of  equipment  in  inventory  which  might  be  used  for  the  purpose. 

An  assessment  is  made  of  these  inventories,  both  present  and  proposed 
to  consider  them  in  the  light  of  their  parametric  tradeoffs.  The  question  of 
"how  far"  must  be  controlled  by  interference  considerations  and  constrained  by 
distance  requirements  within  a  tactical  operation.  In  addition  to  the  problems 
of  spectrum  conservation,  it  should  be  noted  that  all  communication  schemes 
must,  for  the  present,  be  compatible  with  existing  equipments.  Technological 
quantum  jumps  such  as  RADA,  adaptive  signalling,  RACEP  or  digitized  voice 
systems  which  promise  conservation  in  RF  spectrum  must  initially  operate  with 
existing  equipment  and  frequency  assignments. 

In  accordance  with  the  Technical  Guidelines,  the  upper  limit  for  range 
extension  by  radio  relay  is  300  miles.  This  would  include  communications  in 
command  echelons  as  high  as  field  army  level.  This  figure,  therefore,  requires 
or  permits  this  study  to  evaluate  all  military  communications  in  Vietnam. 

The  role  of  military  communications  in  Viet  Nam  has  been  expanding  and 
several  military  systems  now  serve  both  military  and  civilian  populations. 

The  study  of  airborne  relays  should,  therefore,  include  methods  to  sup¬ 
port  both  tactical  and  civilian  populations  in  reacting  against  enemy  terrorism 
and  disruption  of  government.  In  support  of  this  hypothesis  is  the  recent  U.  S. 
decision  to  place  the  passification  program  under  military  control.  It  is  sup¬ 
ported  by  a  "hamlet"  radio  system  to  provide  rural  area  communications. 


A  third  aspect  of  this  study  is  the  effect  of  geography  on  communications 
in  counter-insurgency  warfare.  The  study  is  directed  at  difficult  terrain  and 
transmission  anomalies  in  dense  tropical  jungle  and/or  mountainous  regions. 

The  objectives  are  to  determine  tactical  and  operational  characteristics  peculiar 
to  each  region. 

Communications  has  assumed  such  an  important  support  role  on  the  battle¬ 
field  that  it  would  be  interesting  to  consider  the  ways  in  which  tactics  might  be  mod¬ 
ified  through  improved  use  of  airborne  relays.  It  should  bo  noted  herei  however, 
that  this  study  is  not  intended  to  evolve  tactical  concepts,  but  rather  to  examine 
the  communication  ingredients  common  to  effective  command  and  control  and  to 
investigate  means  by  which  these  ingredients  may  be  improved. 

The  study  is  directed  at  both  forward  and  rear  area  communications.  The 
forward  areas  relate  particularly  to  manpack  and  vehicular  equipment,  while 
semifixed  and  fixed  plant  terminals  are  appropriate  to  the  rear  echelons. 

2.2  SCOPE 

This  study  program  investigates  how  airborne  radio  relays  can  improve 
military  communications  in  remote  geographic  areas.  Improved  communications 
could  logically  result  in  radically  new  methods  of  tactical  deployment.  Such  a 
metamorphosis  in  tactics  has  resulted  from  the  introduction  of  airborne  command 
posts;  their  success  in  Viet  Nam  has  prompted  the  organization  of  an  air-mobile 
division,  the  first  of  its  kind  in  the  United  States. 

Although  the  term,  "military,  "  implies  all  services,  this  study  is  con¬ 
centrated  on  the  ground  combat  efforts  of  the  U.  S.  Army  with  only  peripheral 
attention  to  the  Air  Force  and  Navy  tactical  air  support  and  airlift.  Marine 
Corps  fighting  units  are  considered  in  the  same  context  as  Army  elements. 

2.  3  THE  TACTICAL  MILITARY  COMMUNITY 

2.  3.  1  Organizational  Structure.  Until  recently,  the  major  elements  within 
the  U.  S.  Army,  i.  e.  ,  field  army,  corps,  division  and  brigade,  reflected  a 
rather  rigid  infrastructure  of  manpower  and  equipment.  Aside  from  the  flexi¬ 
bility  of  assignment  permitted  within  the  context  of  supporting  or  attached  units, 
i.  e.  ,  artillery,  reconnaissance,  engineering,  signal,  etc.  ,  maneuver  within 
the  field  army  was  predicated  upon  a  rigid  divisional  structure  of  three  infantry 
regiments,  (now  called  brigades)  with  three  infantry  battalions  assigned  to  each 
regiment.  The  doctrine  of  "two-up  and  one  in  reserve"  was  reflected  in  a  "triad" 
concept  of  tactical  deployment  and  unit  organization.  Similarly,  each  battalion 
had  three  maneuver  companies  and  each  company  had  three  maneuver  platoons. 

For  the  most  part  these  unit  ratios  still  exist,  with  one  exception:  the  infantry 
regiment  has  been  replaced  by  a  brigade  with  a  flexible  strength  ranging  from 
one  to  five  infantry  battalions. 


5 


More  significant  however,  is  the  degree  of  tactical  freedom  permitted 
the  small  echelons  of  command.  This  degree  of  independent  action  has  devel¬ 
oped  from  the  need  for  a  force  tailored  to  meet  a  variety  of  combat  situations 
including  counter-insurgency,  police  action,  or  a  show  of  force. 

The  division  is  permitted  internal  tailoring  to  meet  the  tactical  needs 
and  the  basic  maneuver  element  is  the  battalion.  Separate  brigade  and  battalion 
size  operations  are  consistent  with  this  doctrine. 

As  a  further  extension  of  this  philosophy,  all  tactical  elements  of  the 
division  have  been  relieved,  to  a  large  extent,  of  administrative  and  logistical 
responsibilities. 

In  consonance  with  the  army's  tactical  doctrine  of  providing  "flexible 
response,  "  these  units,  divested  of  administrative  and  logistical  burden,  are 
capable  of  offensive  or  defensive  deployment  in  wide  areas.  Unit  decentraliza¬ 
tion  and  airlift  capability  permits  the  commitment  of  units  several  hundred  miles 
distant  in  a  matter  of  hours,  creating  the  need  for  single  and  multiple  channel 
command  communications  over  these  distances  from  portable  and  vehicular  radio 
terminals  via  previously  unestablished  routes  of  communication. 

The  echelons  of  command  embody  the  tailored  force  principle  as  outlined 
in  the  organization  objectives  of  the  field  army  for  the  1970-1980  time  frame. 

This  field  army  would  consist  of  from  one  to  a  maximum  of  three  corps.  Each 
corps  could  have  from  one  to  six  divisions.  In  each  division  would  be  from  one 
to  three  brigades,  and  each  brigade  could  be  assigned  from  one  to  five  battalions. 
It  can  be  seen  from  this  that  troop  strength  cannot  be  uniquely  assessed  as  a 
function  of  these  command  echelons. 

Similarly,  because  of  the  variety  of  independent  missions  which  can  be 
performed  by  battalion  and  smaller  size  units,  it  is  neither  desirable  nor  possible 
to  infer  deployment  distances.  In  viev/  of  the  extended  troop  lifts  successfully 
undertaken  in  Viet  Nam,  it  is  safe  to  say  that  troop  deployment  to  areas  of  oppor¬ 
tunity  would  extend  to  any  distance  within  the  airlift  range  of  available  aircraft 
and  the  reliable  communications  range  between  the  staging  area  and  the  tactical 
zone. 

2.4  GENERAL  TACTICAL  CONCEPTS 

Communications  requirements  and  equipment  emphasis  has  changed  con¬ 
siderably  over  the  past  two  decades.  During  World  War  II,  the  battlefield  in 
Europe  was  one  of  total  commitment  and  troop  units  were  dispersed  across  the 
width  and  breadth  of  continents.  Troop  displacement  was  generally  continuous 
along  a  front,  and  terrain  once  occupied  or  passed  through  was  retained  and  held 


In  contrast  with  the  tactics  and  terrain  of  World  War  II  is  the  war  in 
Viet  Nam.  Unlike  war  on  a  major  political  and  tactical  scale,  the  battlefield 
there  can  more  accurately  be  described  as  continuous  in  terms  of  the  enemy 
with  small  pockets  of  friendly  forces  operating  alone  on  missions  of  short  dura¬ 
tion.  The  war  might  be  described  as  a  battalion,  company,  and  platoon  leaders' 
war.  Brigade-sized  units,  and  often  battalion-sized  units,  operate  on  search 
and  destroy  missions  many  miles  from  the  friendly  stable  rear  areas.  Airlifted 
in  by  helicopter,  these  units  move  forward  through  enemy  terrain,  destroying 
small  pockets  of  resistance,  village  terrorists  and  equipment  depots;  and  once 
the  friendly  forces  pass  through  and  no  longer  occupy  an  area,  it  is  likely  to 
again  become  enemy  territory.  Combine  this  tactical  dispersion  with  the  dense 
tropical  jungle  or  mountainous  terrain  and  a  situation  prevails  which  taxes  the 
range  and  performance  of  existing  small  unit  radio  equipments. 

British  fighting  units  experienced  similar  communications  difficulties 
in  the  late  1950's  as  evidenced  by  documents  describing  the  limitations  which 
jungle  conditions  impose  on  radio  connmunications  as  normally  practiced  in  a 
tactical  area. 

Vegetation,  terrain,  and  the  heavy  reliance  placed  on  tactical  radio  com¬ 
munications  have  placed  severe  support  demands  upon  the  present  generation  of 
tactical  radio  sets. 

Combat  operations  in  remote  areas  of  conflict  utilize  tactical  units  that 
are  highly  mobile  and  dispersed  over  broad  areas  of  widely  varying  terrain.  The 
degree  to  which  such  mobility  and  dispersion  can  effectively  be  attained  will  bear 
on  the  means  to  maintain  command  and  control.  The  achievement  of  these  means 
depends  on  the  adequacy  of  communications. 

2.  4.  1  Tactical  Communications  Extension  Requirements.  The  ability  to 
quickly  deploy  troops  over  large  distances  to  areas  of  enemy  concentration 
constitutes  a  major  tactical  advantage  of  the  ARVN,  U.S.,  and  Free  World 
Forces  in  Viet  Nam.  By  the  use  of  helicopters  well  supported  by  artillery 
and  tactical  air,  commanders  are  able  to  achieve  surprise  and  shock  action. 

Such  actions  can  generally  be  described  as  airmobile  operations.  It  places 
long-range  communications  demands  on  existing  VHF  ground  equipment  and 
is  presently  employing  airborne  relay  to  a  limited  extent.  The  command 
elements  in  many  airmobile  tactical  commitments  utilize  aerial  command 
posts  operating  between  the  staging  area  and  the  landing  zones  (LZ)  where 
helicopters  discharge  the  troops  into  the  combat  area.  Displacement  dis¬ 
tances  vary  considerably  from  10  or  15  miles  to  150  miles.  Early  operations 
of  this  type  were  limited  to  the  range  of  supporting  artillery;  however,  recent 
actions  have  provided  for  the  airlift  of  artillery  units  thus  permitting  deeper 
penetration. 
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The  present  command  and  control  practice  is  to  place  the  commanders 
and  observers  aloft  and  includes  typically  three  to  five  command  elements. 

Radio  nets  are  usually  effected  from  this  airborne  command  post  to  medical, 
fire  support,  armed  and  troop  lift  helicopters  as  well  as  with  the  units  committed 
on  the  ground.  Communications  to  the  staging  area,  which  is  the  longest  dis¬ 
tance  requirement,  usually  employs  VHF/AM/SSB  means.  Generally,  the  air- 
to-air  and  air-to-ground  paths  in  the  vicinity  of  ground  fighting  is  VHF. 

These  missions  typify  the  need  for  long-distance  communications  between 
the  command  elements  of  isolated  fighting  units  and  other  supporting  arms.  The 
isolated  unit  may  be  as  small  as  20  to  30  men  on  a  patrol  mission  committed  for 
periods  of  several  days,  or  it  may  be  a  brigade  deployed  into  a  province  for  sus¬ 
tained  operations  over  two  to  four  week  periods. 

2.  5  GEOGRAPHY  AND  ITS  EFFECT  ON  MILITARY  TACTICS 

2.5.1  Operations  in  the  Central  Highlands 

2.  5.  1.  1  General.  The  Central  Highlands  area  constitutes  almost  50  percent 
of  the  South  Viet  Nam  land  mass.  It  is  a  rugged,  mountainous  area  with  maxi¬ 
mum  elevation  ranging  from  4  500  to  7000  feet  in  the  vicinity  of  Dalat  and  from 
3000  to  8000  feet  in  the  area  west  of  Quang  Ngai.  The  area  slopes  steeply  down 
to  the  coastal  plain  on  the  east  and  more  gradually  on  the  western  plateau,  result¬ 
ing  in  a  strong  contrast  between  the  short,  swift,  eastward  flowing  streams  with 
their  steep-walled,  narrow  valleys  and  the  more  sluggish  westward-flowing 
streams  with  their  broad  flat  valleys.  All  streams  are  swollen  and  difficult  to 
ford  during  the  rainy  season.  Operations  in  this  area  differ  greatly  from  those 
in  the  Delta  and  coastal  plains  because  of  the  differences  in  terrain,  weather 
and  population. 

2.5.  1.2  Terrain.  Steep  slopes,  sharp  crests  and  narrow  valleys  character¬ 
ize  the  mountainous  areas.  Numerous  razorback  ridges  run  in  all  directions  and 
it  is  virtually  impossible  to  follow  them  in  any  one  direction  for  more  than  a  few 
hundred  yards.  The  forested  areas  of  the  foothills  up  to  3000  feet  have  an 
unbroken  continuity  of  tall  trees  that  form  a  dense,  closed  canopy  over  the  ground. 
The  undergrowth  is  very  thick,  comprising  an  almost  impenetrable  mass  of 
smaller  trees  less  than  10  feet  high,  intermingled  with  thorny  shrubs  and  vines. 
Most  streams  are  bordered  by  high,  steep  rocky  banks  and  are  generally  swift 
with  rapids  and  shallows  common.  Fording  is  possible  in  many  places  except 
during  the  flash  floods  which  occur  during  the  rainy  season. 

2.  5.  1.3  Weather.  In  the  highlands,  the  southwest  monsoon  season  lasts  from 
May  to  October.  During  this  period  low  clouds  and  ground  fog  limits  observa¬ 
tion  and  seriously  restrict  aerial  activity.  Cloud  ceilings  are  less  than  3000 
feet  about  80%  of  the  time.  Average  monthly  rainfall  is  approximately  13  inches. 
The  average  high  temperature  is  88  degrees  with  an  average  low  of  55  degrees. 
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2.  5.  1.4  Movement.  The  steep  terrain  and  dense  jungles  reduce  foot  mobil¬ 
ity.  Rate  of  march  is  usually  from  one-half  to  two  kilometers  per  hour  with 
frequent  rest  stops.  Experience  shows  that  there  is  a  tendency  to  over¬ 
estimate  the  rate  of  advance  of  columns.  The  amount  of  rations  and  equipment 
carried  by  the  individual  soldier  must  be  carefully  considered  to  prolong  his 
effectiveness. 

Wheeled  and  track  vehicles  will  be  restricted  to  the  existing  roads 
and  trails.  Bridges  in  this  region  are  not  capable  of  supporting  heavy  loads. 

The  limited  number  of  suitable  landing  zones  requires  careful  and 
detailed  reconnaissance  in  order  to  conduct  heliborne  operations.  Open  areas 
are  sometimes  covered  with  stakes  and  tree  stumps,  which  may  prohibit  heli¬ 
copter  landings.  The  high  altitude  and  small  landing  zones  result  in  a  reduction 
of  helicopter  lift  capability. 

2.  5. 1.5  Combat  Support  Considerations 

a.  Artillery.  Limited  road  nets  or  complete  absence  of  roads 
restricts  movements  of  artillery.  Suitable  positions  are  difficult  to  find,  and 
sometimes  clearing  and  leveling  is  necessary  prior  to  positioning  artillery 
pieces  by  helicopter. 

b.  Air  Support.  Dense  jungle,  low  clouds  and  ground  fog  restrict 
air  support.  The  locations  of  friendly  forward  elements  are  frequently  difficult 
to  determine  from  the  air,  limiting  the  delivery  of  close  supporting  fires.  Units 
should  plan  the  use  of  pyrotechnics,  panels  and  other  devices  to  mark  their  for¬ 
ward  positions. 

2.5.2  Operations  in  Swampy  and  Inundated  Areas.  Operations  in  swampy 
and  inundated  areas  in  Viet  Nam  are  generally  associated  with  the  Mekong 
Delta--that  region  of  Viet  Nam  which  lies  south  and  west  of  the  city  of  Saigon 
and  is  laced  with  rivers,  streams,  and  canals.  However,  some  of  these  con¬ 
ditions  exist  along  the  northern  coastal  plain  in  small  delta  areas.  Rice 
paddies  comprise  most  of  the  Delta.  Two  other  types  of  areas  within  the 
Delta,  the  Plain  of  Reeds  and  the  Mangrove  Swamps,  are  treated  separately 
below. 

2.5.3  Rice  Paddy  Areas  of  the  Delta 

2.  5.3.  1  General.  The  rice  paddy  land  of  the  Delta  is  the  most  heavily 
populated  rural  area  in  the  Republic  of  Viet  Nam;  dwellings  are  found  along 
nearly  every  waterway.  Streams,  canals  and  rivers  interlace  this  area; 
trees  and  other  vegetation  along  the  waterways  sometimes  extend  300  meters 
on  each  side.  The  land  between  the  waterways  is  covered  by  rice  paddies. 
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and  during  the  rainy  season  these  paddies  are  covered  with  water  to  a  depth  of 
one  foot  or  more.  In  the  dry  season  these  same  rice  paddies  dry  up  and  crack 
open. 

2.  5.  3.  2  Movement 

a.  Routes.  There  is  an  extensive  network  of  rivers  and  canals 
usable  throughout  the  year,  and  generally  capable  of  supporting  craft  as  large 
as  landing  craft,  mechanized  (LCM).  River  craft  are  confined  to  the  major 
canals  and  to  the  rivers.  Overhead  bridge  clearance  and  depth  of  water  at 
high  and  low  tide  must  be  considered  in  planning  use  of  river  boats.  Assault 
boats  can  operate  freely  on  minor  canals  only  during  high  tide.  Native  sampans 
operate  at  all  times. 

b.  Ground  Troops.  Troops  can  maneuver  in  the  paddies  on  foot  the 
year-round.  Foot  movement  during  the  dry  season  averages  three  to  four  kilo¬ 
meters  per  hour  during  the  day  and  one  and  one-half  kilometers  per  hour  at  night. 
During  the  wet  season  foot  movement  may  be  slowed  by  difficulties  in  crossing 
canals;  a  combination  of  deep  water  and  steep  muddy  banks  may  result  in  insuf¬ 
ficient  traction.  Consideration  of  the  tide  is  necessary,  even  far  inland,  as  high 
tide  favors  boat  movement,  while  low  tide  favors  wading  across  canals  in  most 
search  operations.  Several  large-scale  operation  have  failed  or  have  been 
aborted  because  the  effects  of  the  tide  were  not  considered. 

c.  Helicopters.  Most  rice  paddies  in  both  the  wet  and  dry  season 
are  potential  landing  or  loading  zones. 

d.  Airborne  Troops.  Airborne  forces  can  be  employed  year-round 
with  few  limitations  on  the  size  of  the  force  dropped.  During  the  wet  season  the 
water  depth  of  the  rice  paddies  should  be  considered  when  selecting  drop  zones. 

If  the  situation  requires  it,  drop  zones  can  be  successfully  selected  immediately 
prior  to  the  drop. 

2.5.4  Plains  of  Reeds  Area  of  Delta 

2.  5.4.  1  General.  The  sparse  population  is  scattered  throughout  the  small 
hamlets  at  canal  or  stream  junctions  and  along  the  banks  of  these  waterways. 
During  the  rainy  season  when  the  entire  area  is  inundated,  the  people  live  in 
elevated  houses  cr  in  sampans.  Even  during  the  dry  season,  the  area  is  contin¬ 
uously  covered  with  water  varying  from  ankle  to  shoulder  depth  and  blanketed  by 
reeds  and  grass  one-half  to  four  and  a  half  meters  high.  There  are  trees  scat¬ 
tered  along  the  small  number  of  canals  and  streams  in  the  area.  During  the  dry 
season  many  parts  of  the  area  resemble  the  midwest  prairies  from  the  air.  In 
the  wet  season  it  looks  like  a  sea  or  large  lake. 
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2.5  4.2 


Movement 


a.  Routes.  There  are  only  two  major  canals  and  a  single  road 
across  the  area.  Inhabitants  normally  travel  by  boat  and  sampan,  often  directly 
across  flooded  fields. 

b.  Ground  Troops.  The  average  rate  of  travel  cross-country  by 
foot  in  the  dry  season  is  1.  5  kilometers  per  hour.  During  the  wet  season  foot 
travel  seldom  exceeds  one  kilometer  per  hour  and  in  many  places  is  not  possible 
at  all.  Armored  personnel  carriers  are  most  valuable  in  this  area,  although 
frequent  stops  are  necessary  to  cut  the  reeds  and  grass  from  the  tracks  and 
drive  sprockets.  River  force  craft  are  limited  to  larger  streams  and  canals. 

They  are  sometimes  used  to  carry  troops  to  the  general  area  of  operations  but 
can  seldom  be  utilized  to  support  an  assault  operation. 

c.  Helicopters.  Helicopter  landing  zones  in  the  Plain  of  Reeds  are 
limited.  In  the  dry  season,  canal  and  river  banks  may  be  used  for  landings,  but 
in  the  rainy  season  troops  must  be  loaded  and  unloaded  from  hovering  helicopters. 
Care  must  be  taken  not  to  offload  troops  in  watt,  reaching  over  their  heads. 

Small  boats  can  be  lashed  to  the  skids  of  helicopters  and  used  to  disembark  troops. 

d.  Airborne  Troops.  Airborne  troops  can  be  employed  effectively 
throughout  most  of  the  area  depending  upon  the  depth  of  the  water  and  the  season 
of  the  year. 

2.  5.4.  3  Combat  or  Fire  Support.  Moving  artillery  into  position  to  support 
operations  requires  boat  or  helicopter  transportation  and  usually  compromises 
security.  Heavy  mortars  and  artillery  which  can  be  delivered  by  helicopter  still 
possess  the  disadvantage  of  limited  range  for  the  usually  large-area  operations 
conducted  in  the  Plain  of  Reeds.  Naval  guns  can  support  operations  within  range 
of  the  Mekong  River.  Tactical  air  support  and  armed  helicopter  support  are 
most  useful.  Assault  boats  or  sampans  may  be  used  to  carry  heavier  crew- 
served  weapons  and  ammunition. 

2.  5.  5  Mangrove  Swamp  Area  of  Delta 

2.  5.  5.  1  General.  Population  is  very  sparse  and  is  concentrated  along  the 
shore  line  or  at  river  and  stream  Junctions.  Most  houses  are  built  or.  stilts 
because  of  the  wile  variations  of  the  tides.  Few  people  actually  live  in  the 
swamps.  Trees,  vines,  exposed  roots  and  dense  undergrowth  are  marks  of  the 
Mangrove  Swamps.  Swamp  depths,  depending  on  the  tide,  vary  from  one  meter 
of  mud  to  one  meter  of  mud  covered  by  two  meters  of  water.  Tides  cause  river 
current  to  reverse  direction  as  the  tide  changes. 
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2.  5.  5. 2 


Movement 


a.  Routes .  There  are  no  roads  in  the  Mangrove  Swamps.  Boats 
traveling  into  the  area  during  high  tide  can  be  stranded  at  low  tide  and  may  have 
difficulty  reaching  shore.  Sampans  can  enter  the  area  from  the  sea  only  during 
high  tide.  Although  these  conditions  hamper  tactical  troop  landings,  several 
successful  landings  have  been  made.  LCM's  and  LCVP's  can  get  close  to  shore 
only  by  following  river  channels. 

b.  Ground  Troops.  Foot  movement  is  very  slow.  The  average 
rate  of  foot  movement  is  one  kilc  neter  per  hour,  and  may  be  only  a  few  hundred 
meters  per  hour.  Armored  personnel  carriers  can  operate  in  only  a  few  parts 
of  the  Mangrove  Swamps,  generally  around  the  edges.  Sampans  and  SSB's  are 
limited  to  the  few  streams  and  are  likely  to  be  stranded  at  low  tide. 

c.  Helicopters  and  Airborne  Troops.  Helicopter  and  airborne 
forces  can  be  employed  in  mass  only  on  the  fringe  areas  of  the  Mangrove  Swamps. 

2.  5.  5.  3  Combat  or  Fire  Support.  The  planning  considerations  for  the  use  of 
artillery,  mortar  and  air  support  are  similar  to  those  necessary  for  operations 
in  the  Plain  of  Reeds.  Naval  gunfire  can  be  used.  Consideration  should  be  given 
to  the  use  of  assault  boats  or  sampans  to  carry  heavier  crew-served  weapons  and 
ammunition. 

2.6  COMMUNICATION  SYSTEMS 

2.6.  1  Configurations .  Military  radio  communications  can  be  described  as 
area,  network,  or  point-to-point  systems. 

2.6.  1.  1  Area  Systems.  Area  communications  usually  extend  from  Army  rear 
to  Division  rear.  They  are  largely  common  user  circuits  over  which  a  variety 
of  signal  forms  are  transmitted.  Multiple  channels  are  principally  used  to  link 
signal  centers  (see  Figure  2-1).  The  signal  centers  or  nodes  within  the  result¬ 
ing  array  perform  manual  or  automatic  switching  and  supervision  functions  on 
voice  and  teletype  traffic  in  a  manner  similar  to  telephone  central  office  pro¬ 
cedure. 

2.6.  1.2  Tactical  Networks.  Tactical  radio  nets  are  typified  by  the  structure 
shown  in  Figure  2-2.  A  net  will  consist  of  two  or  more  transmitters  and  receivers 
operating  on  the  same  frequency.  The  operating  mode  is  "push  to  talk";  that  is, 
the  transmitters  are  only  activated  when  a  person  wishes  to  speak.  For  all 
other  conditions,  only  the  person's  receivers  are  on.  No  more  than  one  trans¬ 
mitter  in  a  net  can  be  active  at  any  given  time.  In  accordance  with  tactical 
echelons  of  command,  the  commander  in  one  net  is  also  a  member  of  the  next 
higher  echelon  net. 
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Figure  2-2.  Typical  Net  Structur 
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Network  systems  permit  quick  exchange  among  all  subscribers, 
random  deployment,  and  a  high  degree  of  mobility.  All  of  these  are  essential 
to  division  or  smaller  unit  operations.  The  number  of  users  in  a  network  will 
depend  on  the  number  of  common  interest  subscribers  (i.  e.  ,  logistics,  intel¬ 
ligence,  air  traffic,  etc.  )  subordinate  to  the  next  higher  command  level.  The 
tactical  chain  of  command  provides  that  each  successive  command  element 
occupy,  in  addition  to  its  own  net,  a  position  in  the  next  highest  command  net 
using  a  second  radio  terminal.  This  arrangement  confines  the  subordinate 
network  subscribers  to  the  command  boundaries.  Within  each  net  at  division 
level  and  lower,  one  subscriber  is  usually  appointed  as  net  control  station  (NCS) 
for  insuring  good  radio  procedure,  advising  of  radio  silence,  and  establishing 
subscriber  precedence  during  periods  of  high  traffic.  In  the  absence  of  automatic 
encryption,  transmission  security  is  usually  effected  through  the  use  of  pre¬ 
arranged  phrases,  code  words,  or  recitation  from  classified  authentication 
tables  in  the  signal  operating  instructions  (SOI). 

Network  systems  will  also  be  found  above  division  level,  however, 
they  are  used  principally  for  teletype  traffic  in  support  of  operations,  air  support, 
and/or  logistics.  The  principles  of  operation  are  essentially  the  same  as  for  the 
voice  nets  described  above.  The  traffic  is  largely  administrative,  routine  opera¬ 
tional,  or  limited  intelligence  data.  The  subscribers  in  each  net  usually  share  a 
common  support  function,  i.  e.,  reconnaissance,  logistics,  air  request,  etc.  In 
the  case  of  large  networks,  a  degree  of  formality  (message  address  and  sender 
identification)  is  required  on  the  part  of  each  subscriber. 

2.  6.  1.  3  Point-to- Point.  Point-to-point  systems  sustain  high  traffic  volume 
between  two  geographically  fixed  subscribers.  Conventionally  these  systems  are 
found  at  higher  tactical  echelons  where  terminal  displacement  is  infrequent  and 
directional  arrays  permit  spectrum  conservation.  These  links  carry  high 
priority  operational  traffic  in  record  form  between  the  army,  corps,  and  division 
command  levels  as  well  as  to  adjacent  army  command  posts.  For  this  reason 
they  are  usually  accomplished  at  VHF  or  microwave  frequencies  and  do  not  pass 
through  switched  or  repeater  terminals. 

Application  of  point-to-point  systems  at  the  lower  command  echelons 
is  increasing  in  Viet  Nam  as  the  complexion  of  the  war  is  permitting  the  smaller 
headquarters,  airfields,  supply  depots  and  base  camps  to  remain  in  fixed  posi¬ 
tions. 

2.6.2  Unit  Requirements.  This  section  discusses  the  communication  required 
to  support  the  major  elements  of  a  field  army.  The  links  shown  for  each  level 
of  activity  are  consistent  with  the  RODAC-70  field  army  concept. 

Signal  corps  doctrine  establishes  responsibility  for  communication 
installation  on  a  higher-to-lower  and  left-t'  basis.  Each  echelon  shown 

in  the  following  paragraphs  includes  links  c  a;.  ,.ent  with  this  doctrine. 
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2.  6.  2.  1  Field  Army.  Field  army  communication  is  established  in  area,  net¬ 
work,  and  point-to-point  systems. 

2.  6.  2.  1.  1  Area.  Consists  usually  of  18-24  area  type  signal  centers  which 
provide  signal  facilities  within  designated  geographical  areas  and  serve  all  units 
within  the  area  requiring  such  support.  Area  signal  centers  remain  under  the 
operational  control  of  the  signal  officer  of  the  command  providing  the  area  center. 
Internal  communications  of  the  supported  units  remains  the  responsibility  of 
those  units.  The  signal  centers  are  usually  arranged  in  a  matrix  interconnected 
by  both  multi-channel  radio  relay  and  cable  links  with  total  channel  capacities 
between  centers  ranging  from  24  -  96.  The  system  matrix  extends  from  the  rear 
of  the  field  army  area  through  the  combat  zone  and  connects  into  the  division 
communication  system  at  the  division  rear  boundary. 

The  Signal  Centers  provide  telephone  and  teletypewriter  switching, 
rerouting,  radio  wire  integration,  radio,  radio  relay  and  carrier  transmission 
and  reception.  Each  signal  center  provides  all  signal  facilities  required  to  sup¬ 
port  the  units  and  activities  within  its  assigned  area  of  responsibility.  The  signal 
center  of  the  field  army  area  communication  system  is  interconnected  with  at 
least  two  others  to  provide  divided  and  alternate  routing  and  permit  distribution  of 
the  traffic  loads. 

As  opposed  to  an  axis  form  of  communication  support  used  in  World 
War  II  and  Korea,  an  area  signal  center  may  be  destroyed  without  disrupting 
traffic.  The  field  army  area  communication  system  is  designed  primarily  as  a 
common  user  system. 

2.  6.  2.  1.2  Network.  Network  radio-teletype  systems  include: 

a.  Links  from  main  army  Command  Post  (CP)  to  each  corps  CP. 

b.  Links  from  main  army  CP  to  each  major  tactical 
unit  not  attached  to  the  corps. 

c.  Army  Air  Request  links  connecting  main  field  army 
tactical  operations  center  and  each  of  the  divisions 
attached  to  a  corps.  A  separate  net  is  established 
for  each  corps  which  is  used  for  control  of  requested, 
immediate  and  pre-planned  air  strikes. 

d.  Logistical  Nets  are  established  between  army  rear 
CP  and  the  support  command  of  each  division  attached 
to  the  corps.  As  in  3  above,  a  separate  net  is 
established  for  each  corps.  Since  corps  headquarters 
is  primarily  a  tactical  organization,  logistical 
requests  from  front  line  divisions  bypass  corps  HQ  and 
pass  directly  to  the  rear  field  army  CP  over  these  nets. 
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e.  Army  Air  Information  Nets  connecting  army  main 
CP  and  each  corps  CP  and  the  army  reconnaisance 
support  battalion  (ARSB). 

f.  Army  Ground  Liaison  Officer  Nets  established  between 
army  main  CP  and  each  tactical  air  force  wing. 

Normally  there  are  two  tactical  air  force  wings  of 
four  squadrons  each  in  support  of  one  field  army. 

These  nets  are  used  to  effect  coordination  of  tactical 
air  support. 

g.  Air  Reconnaissance  Liaison  Net  (ARLO  NET)  estab¬ 
lished  between  air  reconnaissance  support  battalion 
and  the  liaison  officers  at  each  air  force  reconnaissance 
squadron,  normally  one  wing  with  four  squadrons  in 
support  of  a  field  army.  The  net  is  used  to  pass 
intelligence  traffic  to  the  support  battalion  where  it  is 
processed  and  passed  on  to  army  and  corps  CP's, 

over  the  air  information  net. 

2.  6.  2.  1.  3  Point-to- Point.  Point-to-point  systems  include  links  for  both  voice 
and  teletype.  One  voice  link  is  the  Command  Multi-Channel  facility.  This 
system  provides  command  and  control  to  highly  mobile  elements  and  is  indepen¬ 
dent  of  the  area-type  system.  It  consists  largely  of  point-to-point  multi-channel 
links  between  the  following  elements: 

a.  Army  main  command  post  (CP)  to  each  corps  CP 
(24  channels). 

b.  Army  main  CP  to  army  advance  CP  (24  channels). 

c.  Army  main  CP  to  army  group  (48  channels). 

d.  Army  main  CP  to  army  rear  CP  (48  channels). 

e.  Advanced  logistics  command  CP  to  army  rear  CP 
(48  channels). 

f.  Army  main  CP  to  air  defense  headquarters 
(12  channels). 

A  second  type  of  voice  link  is  devoted  to  Air  Defense.  It  has  essen¬ 
tially  the  same  requirements  as  the  command  multi-channel  system.  It  connects 
air  defense  headquarters  with  air  defense  groups  and  air  defense  groups  with 
their  battalions  and  firing  units.  The  links  are  usually  12  channel  with  ranges 
varying  from  75-150  miles. 

Teletype  point-to-point  links  connect  a  field  army  main  CP  left  and 
right  with  adjacent  army  CP's  also  with  army  group,  army  advanced  and  rear 
CP's.  They  also  connect  army  rear  CP  with  the  Advanced  Logistics  Command 
(ADLOG) 
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2.6.  2.  2  Corps.  The  corps  headquarters  directs  the  tactical  functions.  Pri¬ 
mary  emphasis  is  placed  on  the  support  of  tactical  operations  and  intelligence 
traffic  through  point-to-point  and  network  systems.  As  in  the  field  army  com¬ 
mand  post*  there  is  little  requirement  for  vehicular  or  manpack  communication. 
The  field  army  system  is  used  as  backup  to  carry  administrative  and  logistical 
traffic. 

2.  6.  2.  2.1  Point-to-Point.  The  point-to-point  systems  link  Corps  Command 


and  Corps  Artillery.  Corps  Command  communications  consist  of  24-channel 
secure  links  between  the  main  corps  command  post  and  each  of  the  following 

command  posts: 

a. 

Corps  advance 

b. 

Each  division 

c. 

Corps  artillery 

d. 

Mechanized  brigade 

e. 

Armored  cavalry 

f. 

Aviation  group 

g- 

Military  intelligence  battalion 

Corps  Artillery  Command  links  provide  close  and  continuous  con- 

trol  of  all  corps 

artillery  support  fire  unit  command  posts.  These  systems  con- 

nect  corps  main 

CP  with: 

a. 

Division  artillery 

b. 

Target  acquisition  battalion 

c. 

Each  artillery  group 

d. 

Air  defense  artillery  group 

Each  link  has  a  12  channel  secure  capacity.  The  links  are  termi¬ 

nated  directly  at  the  command  elements  and  generally  do  not  pass  through 

switched  or  repeater  terminals, 

2. 6.  2.  2.  2  Network.  Network  systems  consist  of  secure,  600  wpm,  of  tele 
type  traffic  between: 

a.  Corps  CP  and  each  division  CP 

b.  Intra-Corps  Command  Posts;  i.e.,rear,  main, 

advanced  and  adjacent  corps 

c.  Between  the  corps,  mech.  brigade,  engineer 

brigade,  and  armored  cavalry  command  posts 

d.  Between  the  reconnaissance  collection  agencies,  the 

main  and  advanced  corps  command  posts,  the 
aviation  group  and  the  armored  cavalry  brigade 
command  post. 
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2.  6.  2.  3  Division.  There  are  four  types  of  army  divisions,  the  infantry, 
armor,  mechanized,  and  airborne.  Communications  requirements  are  similar 
for  each. 

Communications  within  the  division  places  heavy  reliance  on  vehic¬ 
ular  forms  of  communication,  makes  extensive  use  of  voice  network  systems,  and 
uses  radio  wire  integration  between  mobile  VHF/FM  and  the  division  area  tele¬ 
phone  system. 

Division  communications  are  established  in  area  and  network  config¬ 
urations. 

2. 6. 2.  3.1  Ar ea .  The  division  area  system  is  similar  in  concept  to  the  army 
area  system.  An  array  of  mobile  signal  centers  are  inter-connected  by  12  chan¬ 
nel  vehicular  mounted  terminals. 

2.  6.  2.  3.  2  Network.  These  links  have  both  teletype  and  voice  terminal  equip¬ 
ments.  The  voice  systems  include  a  division  command  net,  a  division  staff  net, 
an  air  request  net,  and  an  air  warning  net.  The  teletype  systems  include  an 
operations  and  intelligence  net,  an  administrative  and  logistics  net,  and  a  sup¬ 
port  net. 

2. 6. 2.  3.  2.1  Voice  Networks 

2.  6.  2.  3.  2.  1 .  1  Division  Command  Net.  This  net  usually  embrace s  a  large 
number  of  mobile  subscribers  and  includes  the  Division  Commander,  Operations 
Officer,  Armored  Cavalry  Commander,  Artillery  Commander,  Engineer  and 
Aviation  Battalion  Commander  and  the  Operations  Center. 

2.  6. 2.  3.  2.  1 . 2  Division  Staff  Net.  Similar  in  structure  to  the  command  net  and 
includes  the  General  Staff  G-1,  G-2,  G-3,  and  G-4  plus  air  intelligence  officer, 
surgeon,  chemical  officer  and  division  signal  officer.  It  is  best  described  as  in 
administrative  and  logistics  network. 

2. 6. 2.  3.  2.  1. 3  Air  Request  Net,  Has  the  following  prime  subscribers: 

a.  Fire  support  control  center 

b.  Armored  cavalry  squadron 

c.  Each  brigade  command  post 

d.  Each  maneuver  battalion  command  post 

The  net  is  used  to  request  and  coordinate  immediate  or  pre¬ 
planned  air  strikes.  The  fire  support  control  center  terminal  acts  as  net  control 
station.  Requests  approved  at  division  level  arc  transmitted  to  Army  level  over 
the  Army  Air  request  net. 
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2.  6.  2 .  3.  2 .  1 . 4  Air  Warning  Net.  This  is  a  one  way  voice  network  from  either 
the  division  or  division  alternate  command  post  to  all  subordinate  units. 

2.  6.  2.  3.  2. 2  Teletype  Systems.  Teletype  nets  are  used  principally  to  afford 
greater  range  and  record  copy.  Secure  transmission  is  required. 

2. 6. 2.  3.  2. 2.  1  Operations  and  Intelligence  Net.  This  net  includes  the  division 
main,  advance,  and  alternate  command  post,  division  artillery,  each  brigade 
command  post  and  the  armored  cavalry  squadron  command  post.  This  net  handles 
critical  tactical  and  intelligence  traffic,  requires  secure  transmission  and  mini¬ 
mum  50  mile  range. 

2. 6.  2.  3.  2. 2. 2  Administrative  and  Logistical  Net.  Carries  traffic  similar  to 
the  division  staff  net  among  the  division  support  command  battalion,  division 
artillery,  and  motor  convoy  operations. 

2. 6.  2. 3.  2.  2.  3  Support  Net.  A  general  purpose  net  for  operations,  intelligence, 
logistics  and  administrative  traffic  among  units  located  to  the  rear  of  the  combat 
units.  The  subscribers  are  division  rear  command  post,  division  support  com¬ 
mand  post,  each  division  area  signal  center,  the  surveillance  platoon,  aviation 
battalion,  and  ■•ngineer  battalion. 

2. 6.  2. 4  Brigade.  The  Brigade  communication  system  is  dependent  on  VHF/ 

FM,  HF/ Teletype,  and  HF/SSB  radio  equipment.  Brigade  command  elements 
communicate  with  division  solely  by  radio.  Communications  systems  consist 
of  voice  or  teletype  networks.  The  voire  links  include  command  nets,  adminis¬ 
trative/logistical  nets,  intelligence  nets  and  artillery  battalion  nets.  There  is 
one  teletype  net  which  carries  principally  logistical  traffic. 

2. 6.  2. 4.1  Command  Net.  Includes  the  brigade  commander,  executive  officer, 
intelligence  officer  (S-2),  operations  officer  (S-3),  air  operations  officer,  supply 
officer  (S-4),  each  battalion  commander  and  each  attached  supporting  unit  com¬ 
mander. 

2.  6.  2.  4.  2  Administrative/ Logistics  Net.  Used  to  control  supply,  personnel 
and  administrative  matters  and  includes  brigade  elements  plus  battalion  execu¬ 
tive  officer. 

2.  6.  2. 4.  3  Intelligence  Net.  Conveys  intelligence  information  relating  to  the 
enemy  situation  between  the  intelligence  officers  of  each  battalion  and  the  brigade 
intelligence  officer. 

2. 6.  2. 4.  4  Artillery  Battalion  Support  Net.  This  system  consists  of  battalion 
headquarters,  one  forward  observer  for  each  infantry  company,  one  liaison 
officer  for  each  battalion  and  one  liaison  officer  at  the  brigade  command  post. 
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2.  6.  2.  4.  5  Brigade  Teletype  Net.  This  net  serves  logistical  elements  which 
include  the  brigade  headquarters,  maneuver  battalion  headquarters  and  brigade 
convoy  operations. 

2.6.3  Frequency  Management  Considerations.  In  attempting  to  determine 
small  unit  radio  requirements  hence  platform  loads  and  relay  packages,  efforts 
to  affix  channel  requirements  to  corresponding  unit  strength  on  the  basis  of  clas¬ 
sical  tactical  net  structures  results  in  a  large  concentration  of  channel  frequen¬ 
cies  in  a  relatively  small  area. 

Consider  Figure  2-1  which  is  typical  of  the  frequencies  found  within  an 
infantry  rifle  company.  Typical  distances  between  the  internal  elements  of  com¬ 
mand  within  a  rifle  company  are  likely  to  range  from  0.  5  to  8  kilometers.  On 
the  basis  of  typical  company  frontages,  units  displaced  laterally  along  the  forward 
edge  of  a  battle  area  would  permit  the  reassignment  of  identical  blocks  of  fre¬ 
quencies  in  every  second  or  third  company  sector.  Such  is  generally  the  case 
and  is  a  distinct  advantage  in  the  application  of  VHF  tactical  radio  sets  on  the 
small  unit  level  (see  Figure  2-3). 

Figure  2-3  is  an  extension  of  the  netting  principle  shown  in  Figure  2-1 
as  applied  to  an  infantry  brigade.  For  purposes  of  discussion  and  clarity,  only 
the  FM  voice  nets  occupying  the  30-76  MHz  spectrum  are  shown.  Considering 
normal  areas  of  battalion  occupancy  or  approximately  a  rectangle  three  miles 
wide  and  two  miles  deep,  there  would  exist  no  less  than  43  separate  nets  utilizing 
23  separate  frequencies.  If  no  frequency  sharing  were  permitted  at  the  platoon 
and  company  levels,  then  43  separate  frequencies  would  be  required. 

Extrapolating  these  figures  to  a  brigade  comprised  of  three  battalions 
and  assuming  frequency  sharing  as  a  function  of  range  attenuation  as  in  the 
first  case  above,  then  only  one  additional  frequency  would  be  required--the 
battalion/company  command  net.  If  no  sharing  were  permitted,  20  additional 
frequencies  or  an  aggregate  of  63  would  be  required  for  a  brigade  made  up  of 
three  battalions. 

Concentrations  to  this  extent  are  permitted  in  routine  operations 
characterized  by  non- restrictive  channel  availability  and  terrain  wherein 
there  exists  no  large  scale  efforts  to  extend  the  design  range  of  radio  equip¬ 
ment. 


Spurious  signal  or  "on-site"  interference  does  occur  in  such  situa¬ 
tions  with  the  manpack  and  vehicular  equipments  when  command  elements 
employing  these  sets  are  co-located  no  more  than  several  yards  apart.*'*  This 
frequently  happens  and  is  reported  to  be  a  problem  in  'Viet  Nam.  Frequency 
selection  in  accordance  with  the  interference  charts  that  accompany  the  radio 
sets'  appropriate  TM  would  help  alleviate  this  problem  to  some  extent;  how¬ 
ever,  the  geographically  random  location  likely  with  tactical  sets  and  the 
limited  channel  availability  estimated  at  460  (30-70  MHz)  dees  not  permit 

’■'See  Appendix  on  PRC -25  tests 
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TO  DIVISION 


PLATOON 

PLATOON  (F-1) 
PLATOON  (F-2> 
PLATOON  (F-3> 
platoon  (F-A) 


PLATOON  IF- 5) 
PLATOON  (F-6) 
PLATOON  IF- 7) 
PLATOON  (F-8) 

PLATOON  IF-9> 
PLATOON  (F-10) 
PLATOON  (F-H) 
PLATOON  (F-12> 


PLATOON  IF- 13) 
PLATOON  (F-14) 
PLATOON  (F-1 5) 
PLATOON  (F-1 6) 


PLATOON  (F-1) 
PLATOON  (F-2) 
PLATOON  (F-3) 
PLATOON  (F-4) 

PLATOON  (F-5) 
PLATOON  (F-6) 
PLATOON  (F-7) 
PLATOON  (F-8) 


PLATOON  (F-9) 
PLATOON  (F-10) 
PLATOON  (F-11) 
PLATOON  (F-1 2) 


PLATOON  (F-13) 
PLATOON  (F-14) 
PLATOON  (F-1 5) 
platoon  (F-1 6) 


THIRD  BATTALION 


Figure  2-3.  An  Example  of  Typical  Brigade  Voice  Radio  Netting 
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exclusive  interference-free  geographical  assignments.  In  view  of  the  large  num¬ 
ber  of  users  and  limited  availability  of  channels,  optimization  of  channel  assign¬ 
ment  appears  to  be  the  only  means  by  which  interference  can  be  reduced.  As  is 
often  the  case,  however,  time  and  a  constantly  changing  tactical  environment 
does  not  permit  a  statistical  and  probabilistic  approach  to  these  assignments  at 
the  small  unit  command  levels. 

Far  site  or  co-channel  interference  resulting  from  the  increased  use 
of  airborne  command  posts  and  airborne  radio  relay  has  been  described’!*  as  a 
second  area  of  concern  to  Viet  Nam  frequency  coordinators.  It  is  being  used 
principally  by  the  U.  S.  and  Free  World  Forces  as  opposed  to  the  Vietnamese. 
Relay  support  often  takes  the  form  of  merely  relaying  a  command  message 
between  two  ground  units  experiencing  difficulty. 

There  are  also  difficulties  arising  from  the  increased  reception  of 
numerous  ground  terminals  by  airborne  receivers.  Units  have  reported  that 
large  portions  of  a  corps  area  appear  on  airborne  command  nets.  The  present 
means  to  combat  the  problem  appears  to  be  exclusive  frequency  assignment 
(FM-VHF)  from  airborne  command  posts  to  battalion  level  units. 

The  preceding  illustrates  the  need  for  judicious  application  of  relay 
schemes  into  the  present  communications  structure  in  Viet  Nam. 

The  limiting  constraints  and  considerations  include: 

a.  Tactical  FM  frequencies  (VHF)  are  reported  to  be  allocated 

in  the  following  manner 

Vietnamese 

1.  27.0-54.9  MHz  or  270  channels  of  100  KHz  spacing. 

The  Vietnamese  are  not  presently  using  equipment 
with  50  KHz  channel  spacing. 

U.  S.  and  Free  World  Forces 


1.  20-26.9  MHz  or  138  channels  of  50  KHz  spacing. 

This  band  is  used  principally  by  armored  units, 

2.  55-75.95  MHz  or  418  channels  of  50  KHz  spacing. 
Approximately  120  of  these  channels  (69.9-75,9 
MHz)  are  committed  to  radio  relay  transmission 
(airborne  or  other  means). 

3.  84  additional  channels  between  27.0-54,9  MHz  have 
been  obtained  from  the  Vietnamese  spectrum  and 
are  allocated  by  the  Military  Assistance  Command-- 
Viet  Nam  (MAC-V), 

’!‘"The  Management  and  Use  of  Tactical  Radio  Frequencies  in  the 
Republic  of  Viet  Nam,"  Booz-Allen  Applied  Research,  September,  1966. 
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b.  Strict  regard  for  platform  height  and  power  output  to  limit 
interference  with  allocation  schemes  based  upon  range 
limitation. 

Table  2-1  reflects  typical  MAC-V  assignments  of  the  channels  within 
the  four  corps  areas. 

It  is  assumed  that  the  assignments  in  the  30-54. 9  MHz  region  were 
made  using  only  the  84  channels  obtained  from  the  Republic  of  Viet  Nam  Armed 
Forces  and  clearly  illustrates  frequency  duplication  or  sharing  on  a  non¬ 
interfering  basis  within  each  corps  area. 

2.6.4  Recapitulation.  Figure  2-4  is  a  recapitulation  of  the  above  and  shows 
the  principal  means  of  communications  employed  on  an  inter-unit  basis  in  support 
of  the  fundamental  command  elements.  Intra-unit  communications,  main  alter¬ 
nate,  advanced,  and  adjacent  command  post  means  are  not  shown  for  simplicity. 

It  can  be  seen  that  area,  network,  and  point-to-point  systems  support 
the  army  to  corps  echelons  in  predominantly  record  form  (TTY  or  data).  The 
same  is  true  between  corps  and  division,  however,  fewer  alternate  means  exist 
in  support  of  a  given  command  element.  Network  voice  and  teletype  becomes 
the  predominant  means  between  division  and  brigade  while  network  voice  becomes 
the  principal  means  at  brigade  and  below. 

2.  6.  5  Comparison  of  Area  and  Network  Systems.  Section  2.  6  offers  a  brief 
examination  of  the  communications  support  envisaged  in  the  ROAD  and  RODAC-70 
concepts.  Application  in  Viet  Nam  and  maneuver  assessment  in  this  country 
(operations  "Swiftstrike,  "  "We  Will,  "  and  others)  provide  insight  into  problem 
areas  in  need  of  improved  equipment  or  application. 

These  include  the  following: 

a.  The  area  or  grid  system  of  communicatipns  is  difficult  to 
achieve  in  areas  continuously  vulnerable  to  attack  as  in 
Viet  Nam.  It  is  equally  difficult  to  achieve  in  other  than 
rolling  or  average  terrain.  It  requires  an  expenditure  of 
combat  troops  for  security  and  protection  since  the  power 
generating  and  antenna  equipment  permit  easy  enemy  detection. 

b.  Manual  inter-nodal  switching  is  cumbersome  and  inefficient 
involving  excessive  operator  time  and  affords  little  user 
confidence.  Automatic  switching  equipment  capable  of  sustain¬ 
ing  battlefield  abuse  is  not  yet  a  reality. 

c.  The  area  system  has  not  been  totally  responsive  to  the  commu¬ 
nications  needs  of  large  numbers  of  widely  dispersed  and  in¬ 
dependent  combat  units  or  task  forces.  It  would  appear  that 
airborne  relay  might  (1)  provide  air  to  air  trunking  to  reduce 
the  number  of  ground  based  signal  centers  or  relay  nodes; 
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Table  2-1.=''  Number  of  Frequencies  (30-70  MHz)  Assigned 
Within  the  Four  Corps  Areas  of  Viet  Nam 
(Maximum  Power  Not  to  Exceed  25  Watts) 


MHz 

I 

II 

Ill 

IV 

Total 

30  -  31 

2 

2 

2 

2 

8 

31  -  32 

11 

11 

11 

11 

44 

32  -  33 

23 

23 

23 

23 

92 

33  -  34 

9 

8 

8 

8 

33 

34  -  35 

15 

11 

12 

11 

49 

35  -  36 

15 

7 

11 

14 

47 

36  -  37 

4 

4 

8 

13 

29 

37  -  38 

17 

17 

19 

23 

76 

38  -  39 

33 

19 

19 

19 

90 

39  -  40 

36 

17 

24 

22 

99 

40  -  41 

26 

1 

11 

8 

46 

41  -  42 

13 

2 

10 

4 

29 

42  -  43 

20 

2 

7 

6 

35 

43  -  44 

26 

2 

11 

9 

48 

44  -  45 

25 

1 

12 

7 

45 

45  -  46 

20 

3 

12 

11 

46 

46  -  47 

17 

4 

14 

9 

44 

47  -  48 

18 

12 

8 

- 

38 

48  -  49 

15 

9 

6 

- 

30 

49  -  50 

13 

- 

5 

- 

18 

50  -  51 

16 

2 

6 

- 

24 

51  -  52 

16 

9 

6 

- 

31 

52  -  53 

11 

10 

6 

- 

27 

53  -  54 

11 

10 

6 

- 

27 

54  -  55 

7 

10 

4 

- 

21 

55  -  56 

11 

- 

3 

3 

17 

56  -  57 

5 

1 

1 

4 

11 

57  -  58 

8 

1 

1 

5 

15 

58  -  59 

5 

1 

1 

5 

12 

59  -  60 

- 

- 

- 

4 

4 

60  -  61 

- 

- 

- 

3 

3 

61  -  62 

1 

1 

1 

4 

7 

62  -  63 

1 

1 

1 

5 

8 

63  -  64 

- 

- 

- 

1 

1 

64  -  65 

1 

1 

1 

1 

4 

65  -  66 

- 

- 

- 

- 

0 

66  -  67 

1 

1 

1 

1 

4 

67  -  68 

1 

- 

- 

- 

1 

68  -  69 

2 

- 

- 

2 

4 

69  -  70 

- 

- 

- 

- 

0 

'■'"The  Management  and  Use  of  Tactical  Radio  Frequencies  in  the 
Republic  of  Viet  Nam  (Extracts  from  Military  Assistance  Command--Viet  Nam 
J-6  Records),  "  Booz-Allen  Applied  Research,  September,  1966. 
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Figure  2-4.  Principal  Conimunications  Means 
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(2)  provide  a  more  suitable  and  controlled  environment 
for  the  automatic  switching  hardware,  and  (3)  reduce  the 
number  of  isolated,  ground  committed  non-combatant 
signal  support  and  security  personnel. 

d.  Network  voice  and  teletype  systems  best  support  the  rapid 
and  random  troop  displacement  used  to  initiate  effective 
offensive  action  against  medium  and  high  level  counter¬ 
insurgency.  Airborne  relay  may  be  ideally  suited  to  pro¬ 
viding  area  coverage  (Ground-Air-Ground  retransmission 
among  many  net  subscribers)  consistent  with  present 
convential  application  as  high  as  corps  level. 

e.  "Hamlet"  or  "village"  radio  networks  constitute  a  vital 
defense  against  insurgent  terrorism  and  propaganda. 

These  nets  established  within  political  and  geographic 
boundaries  might  also  be  served  by  airborne  retransmission 
or  broadcasting  and  define  a  support  area  limited  only  by 
national  boundary. 

Since  airborne  relay  can  effectively  provide  support  in  area  systems  and 
network  systems,  a  numerical  recapitulation  of  the  three  systems  (area,  network 
and  point-to-point)  is  provided  in  Figure  2-5  which  includes  the  accounting  for 
individual  multi-channel  point-to-point  requirements  as  multi-channel  area  links. 
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Unit' 


Networks  (Single  Channel) 
Voice _ Teletype 


Multi-Channel  Area  Links 


Army  None  30 

(1) 


48  channels 
24  channels 
48  channels 
48  channels 

12  channels 

12  channels 


to  each  corps 
main  to  advance 
main  to  rear 
advanced  logistics 
command  to  army  rear 
main  to  air  defense 
headquarters 
among  air  defense 
headquarters  and  air 
groupt 


Corps 

(3) 


I 

1  Division 

(6) 

i 


None  9  per  corps  24  channels  to  each  j{  13  subordinate 

units  (see  section  2.  3. 3.  1.  2  (a)-l 
see  sec.  corps  command)  from  corps  main 

2.3.3.1.2(b)  C.P. 

12  channels  to  each  of  4  subordinate 
units  (see  section  2.  3. 3.  1.  2  (a)-2 
from  corps  main  C.  P. 
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way  air  warn¬ 
ing  net 


Brigade  4  per  brigade  1  per  brigade  None 

(5) 

1.  The  number  in  parenthesis  is  the  total  number  of  units  that  may  be 
assigned  the  next  highest  command,  i.  e.,  3  corps/army,  6  divisions/corps,  etc. 


Recap  of  Area,  Network  and  Point -to -Point  Systems 

Figure  2-5. 
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SECTION  3 


RELAY  SYSTEMS 


3.  1  RELAY  ANALYSIS  AND  SELECTION 

3.  1.  1  Objectives  and  Requirements 

This  section  of  the  report  pertains  to  the  investigation  and  study 
effort  performed  to  determine  the  characteristics  and  parameters  required  of  the 
relay  package  to  be  carried  by  selected  platforms. 

The  relay  study  task  is  grouped  into  sub-tasks  as  follows: 

a.  Propagation  Path  Loss 

b.  Relay  System  Identification  «.nd  Tabulation 

c.  Parametric  Evaluation  of  Selected  Equipments 

d.  Recommendations  for  Relay  Systems 

3.  1.  1.  1  Propagation  Path  Loss.  The  objective  of  this  study  area  is  to 

formulate  a  mathematical  model  of  ground-to-air  propagation  which  may  be  used 
to  define  relay  coverage  area  and  radio  equipment  specifications.  This  model 
was  programmed  for  a  digital  computer,  and  parametric  curves  for  path  loss 
for  representative  terrain  and  foliage  are  included  for  use  in  analyzing  the 
selected  relay  configurations. 

3.  1.  1.  2  Relay  System  Identification  and  Tabulation.  Relay  systems 

compatible  with  existing  or  proposed  Field  Army  ground  terminals  meeting  the 
requirements  for  relaying  up  to  48  voice  channels  are  identified  and  their  per¬ 
formance  tabulated. 

3.  1.  1.  3  Parametric  Evaluation  of  Selected  Equipments.  The  relative 

performance  of  the  equipment  selected  for  relay  use  in  the  previous  task  is 
evaluated  based  on  communications  system  requirements. 

3.  1.  1.  4  Recommendations  for  Relay  Systems.  Using  the  results  of  the 

previous  task,  a  family  of  relay  systems  corresponding  to  the  requirements  is 
recommended.  Where  no  existing  system  could  be  recommended  for  a  particular 
requirement,  recommendations  for  hardware  development  are  made.  Trade-off 
studies  required  to  support  these  recommendations  are  performed. 


31 


3.  1.  2 


Study  Results 


The  paragraphs  which  follow  describe  briefly  the  results  of  the 
relay  study  effort. 

3,  1. 2.  1  Propagation  Path  Loss.  An  idealized  mathematical  model  of 

jungle  foliage  effects  has  been  combined  with  experimentally  determined  jungle 
electrical  parameters. 

Parametric  curves  of  ground-to-air  path  loss  are  presented  for 
various  values  of  jungle  physical  and  electrical  characteristics.  Variability 
data  are  used  to  estimate  margin  requirements.  The  path  loss  predictions  and 
variability  data  are  combined  to  predict  the  service  range  of  particular  relay 
configurations. 

3.1.2.  2  Relay  System  Identification  and  Tabulation.  The  characteristics 

of  military  and  commercial  radio  equipment  potentially  capable  of  serving  as  high 
altitude  relay  components  are  examined  and  tabulated.  This  report  contains  tabu¬ 
lations  and  a  review  of  relay  system  candidates  for  use  in  single  or  multiple 
channel  applications. 

3.  1.2.  3  Parametric  Evaluation  of  Selected  Equipments.  In  reviewing 

the  tabulated  data  on  existing  radio  equipment,  suitable  equipment  has  been  found 
for  meeting  each  of  the  relay  applications  requirements,  although  the  systems 
require  development  effort  in  interfacing  with  the  platform  and  with  ground  termi¬ 
nals. 

3.  1.  2.  4  Recommendations  for  Relay  Systems.  In  the  review  of  candidate 

systems  for  the  relay  functions,  no  completely  satisfactory  systems  have  been 
located  for  the  requirements  of  channel  capacity,  range,  ground  equipment,  and 
platform  compatibility.  Several  configurations  combining  existing  and  readily  de¬ 
veloped  equipment  are  recommended  as  the  best  solutions  to  the  relay  problem 
for  the  initial  and  interim  time  frames.  Studies  in  particular  areas  of  relay  com¬ 
patibility  provide  guidelines  for  recommendations  for  the  long-range  time  frame. 

3.1.3  Action  Recommended 


Preliminary  recommendations  may  be  made  for  the  initial  time 
frame  relay  systems  and  for  specific  work  items  beyond  the  scope  of  the  present 
contract. 

3.  1.  3.  1  Tactical  Network  Relay.  The  continued  use  of  the  frequency 

translating  relay  configuration  is  recommended  for  the  initial  time  frame.  The 
low-speed  switching  common-frequency  configuration  may  be  developed  rela¬ 
tively  quickly,  for  the  interim  time  frame,  and  offers  somewhat  greater  com¬ 
patibility  with  contemporary  pack-set  equipment.  However,  the  desirability 
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of  digital  modulation  compatibility  recommends  frequency  translation  as  a  long¬ 
term  technique,  with  appropriate  adaptations  of  pack-set  and  vehicular  radios. 

The  AN/ARC-114  is  recommended  as  the  basis  of  an  interim 
time-frame  relay  at  VHF,  and  the  AN/ARC-97  at  UHF.  Both  systems  require 
limited  interface  electronics  development. 

3.  1,  3.  2  Multichannel  Relay.  The  use  of  a  HARR  type  of  radio  relay 

(as  distinguished  from  a  satellite  relay)  for  medium  capacity  multichannel  links 
is  feasible  in  the  initial  time  frame  using  equipment  designed  specifically  for 
ground-to-air  relaying,  the  AN/ARC-89  (V).  The  use  of  such  relay  facilities 
may  offer  some  useful  advantages  even  after  more  widespread  use  of  trans¬ 
portable  satellite  terminals  is  realized.  Development  of  directional  antennas 
insensitive  to  platform  attitude  is  recommended  for  the  interim  to  long-term 
time  frames . 
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PRINCIPLES  OF  RELAY  OPERATION 


3.  2 

3.  2.  1  Relay  Performance  Requireme  its 

3.  2.  1.  1  General.  In  examining  the  performance  requirements  of  the 

relay  package,  we  will  initially  ignore  the  electronic  mechanism  of  the  relay 
itself,  and  treat  the  package  as  a  "black  box."  Subsequent  paragraphs  will 
examine  the  feasibility  of  attaining  the  performance  requirements  with  partic¬ 
ular  relay  techniques, 

3.  2.  1.  2  Compatibility.  The  question  of  compatibility  is  closely  related 

to  the  time  fram.e  constraints.  The  requirements  for  interface  compatibility 
may  be  stated  briefly  as  follows; 

1.  Initial  Time  Frame:  Single  "subscriber"  access  to 
the  relay  using  VHF  (30-76  MHz)  FM  transceivers, 
of  which  the  AN/PRC-25  is  typical, 

2.  Interim  Time  Frame:  Single  subscriber  access  to 
the  relay  using  VHF  (30-76  MHz)  FM  or  UHF(225- 
400  MHz)  AM.  Field  or  depot  modifications  may 
be  made  to  permit  or  improve  relay-mode  opera¬ 
tion  of  transceivers.  Multichannel  relay  may  use 
inventoried  transportable  tropo  low-level  equip¬ 
ment  or  existing  multichannel  air  to  ground  relay 
equipment. 

3.  Long  Range  Time  Frame:  Single  subscriber  access 
to  the  relay  using  optimal  operating  frequencies  and 
modulation  modes,  but  some  areas  of  compatibility 
with  earlier  equipment  may  be  required  for  com¬ 
munication  with  military  units  not  equipped  with 
relay -compatible  equipment.  Multichannel  com¬ 
munication  relay  by  satellite  or  by  medium  altitude 
platforms.  Relay  development  should  follow  mili¬ 
tary  objectives  of  conversion  to  digital  modulation 
modes.  RADA  and  anti-jamming  provisions  may  be 
incorporated. 

The  other  aspect  of  compatibility  is  that  of  compatibility  with 
the  electromagnetic  environment.  Interference  generation  by  the  relay- 
augmented  network  and  susceptibility  of  the  network  to  interference  or 
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jamming  are  important  design  criteria.  Since  the  application  of  existing 
equipment  is  planned  for  the  initial  and  interim  time  frames,  the  ground 
segment  of  the  system  will  not  be  remarkably  different  from  the  current 
EMC  status  of  ground  to  ground  networks.  The  relay  platform  altitude, 
however,  leads  to  greater  area  coverage  of  interference  from  the  relay, 
and  lowers  the  path  loss  from  interfering  signal  sources.  These  effects 
may  constrain  the  number  of  relay  platform  deployed  and  the  number  of 
channels  which  each  relays  for  each  of  the  time  frames  considered. 

3.2.  1.3  Range 

The  service  range  requirements  established  in  Section  2  of 
this  report  must  be  interpreted  in  a  probabalistic  sense,  since  a  fraction 
of  the  subscribers  in  a  given  area  will  not  bo  able  to  communicate  for  one 
reason  or  another.  Propagation  variability  due  to  foliage  inhomogeneity, 
unfavorable  antenna  orientation  or  environment,  and  relay  antenna  pattern 
irregularities  are  some  of  the  factors  which  contribute  to  unsuccessful 
communications.  For  this  reason,  a  power  margin  allowance  is  made  in 
the  performance  estimates  to  permit  relay  operation  in  approximately 
99%  of  the  locations  within  a  given  range.  Conversely,  the  range  corres¬ 
ponding  to  a  given  relay  power,  platform  altitude,  foliage  effect,  frequency, 
etc,  is  described  in  terms  of  the  range  for  which  there  is  a  99%  probability 
of  satisfactory  communications  service. 

3.2,  1.4  Number  of  Channels 


It  is  apparent  that  not  all  of  the  FM  networks  will  need  relay 
augmentation.  It  is  only  when  an  occasional  detachment  becomes  too  far 
separated  or  enters  foliage  too  dense  for  satisfactory  communication  that 
the  relay  is  required.  Further  it  is  unlikely  that  all  of  the  FM  nets  in  the 
relay  service  area  would  need  augmentation  simultaneously.  Therefore, 
there  can  be  some  sharing  of  backup  channels  and  relay  subsystems  at  the 
platform. 


Since  the  use  of  the  net  with  the  emergency-only  philosophy 
is  based  on  relay  operation  only  when  direct  communications  fail,  it  is 
presumed  that  a  relatively  small  number  of  relay  channels  would  be  re¬ 
quired.  The  exact  number  if  probably  not  too  critical.  The  activity  factor 
for  a  net  is  substantially  less  than  50%  (5  "subscribers"  each  with  5% 
activity  factors  result  in  a  net  activity  factor  of  22.  6%)  and  the  probability 
of  an  unsatisfactory  link  in  the  net  is  probably  less  than  10%,  so  the  pro¬ 
bability  of  a  particular  FM  net  needing  the  relay  would  be  less  than  5%. 

If  a  single  net  has  a  5%  probability  of  needing  the  relay,  we 
may  then  compute  from  the  binomial  or  Poisson  distributions  the  number 
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of  relay  channels  required  to  accommodate  the  rcquivements  of  N  nets 
for  a  particular  fraction  of  the  time.  If  this  fraction  (the  probability  of 
instantaneous  availability'  of  a  relay  channel)  is  95%  then  for  N  =  10,  3  re¬ 
lay  channels  would  be  required^  ,  4  for  N  =  20,  5  for  N  =  50,  and  8  for 
N  =  100.  This  is  plotted  in  Figure  3-1. 

The  preceding  argument  has  not  included  the  delay  in  estab¬ 
lishing  circuits  in  computing  the  necessary  number  of  channels,  If  the 
delay  in  completing  circuits  is  comparable  to  the  average  message  length, 
the  fraction  of  useful  time  on  a  given  channel  will  be  reduced. 

There  may  be  some  correlation  in  the  usage  of  a  number  of 
separate  FM  nets,  as  military  operations  (on  either  side)  may  be  syn¬ 
chronized  in  a  number  of  areas,  so  the  required  number  of  channels  may 
be  larger  than  indicated  above.  The  consequence  of  not  having  enough 
channels  is  that  low  priority  calls  may  be  delayed,  but  this  is  a  relatively 
minor  problem  in  comparison  with  a  subscriber's  having  no  communica¬ 
tions  at  all. 

3,  2, 1.5  Multiple  Access 

A  basic  requirement  is  that  the  repeater  be  available  either 
full-time  or  on  short  notice  to  the  net  requiring  its  service.  Since  the  cost 
of  the  relay  platform  is  loss  per  channel  hour  if  it  may  carry  a  number  of 
relay  charnels,  it  is  expected  that  a  number  of  nets  will  be  provided  with 
relay  service  by  a  single  platform.  As  indicated  in  Paragraph  3.2,  1.4 
above,  the  number  of  relay  channels  may  actually  be  somewhat  less  than 
the  number  of  nets  served. 

There  is  a  choice  of  autonomous  control  of  the  relay  or 
supervised  control.  Autonomous  control  of  access  is  compatible  with  un¬ 
attended  platforms,  such  as  drones  or  balloons,  but  may  require  modifica¬ 
tion  or  augmentation  of  pack-sets  to  provide  control  functions.  Otherwise, 
separate  relay  channels  may  be  required  for  each  network  in  the  service 
area.  Attended  control  requires  a  relay  order -wire  channel,  on  which 
the  subscriber  needing  relay  service  would  call  the  operator  to  request 
augmentation  of  his  net.  Attended  control  is  applicable  to  either  common 
frequency  or  frequency-translating  relay  systems. 

3.  2. 1.6  Channel  Quality 

For  the  three  time  frames  under  consideration  the  basic 
channel  quality  requirement  is  that  of  intelligibility.  The  long-range  time 
frame  will  also  require  suitable  digital  error  rates  and  distributions. 


1.  From  a  table  of  the  cumulative  terms  of  the  binomial 

distribution  (N  =  10,  20)  or  the  cumulative  Poisson  distribution  (N>20). 
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Figure  3-1. 


Number  of  Repeater  Channels  for  95%  Probability 
of  Instant  Availability 


A  number  of  factors  enter  into  the  determination  of  the  in¬ 
telligibility  for  a  relay-equipped  link,  some  of  which  are  only  partially 
predictable. 

1.  Background  noise  at  speaker's  and  listener's  locations. 

2.  Effect  of  band-limiting,  clipping,  and  handset  response 
in  transceivers. 

3.  Internal  and  external  electrical  noise  at  relay  and 
ground  receiver. 

4.  Interference  or  jamming  at  platform  and  at  ground 
receiver. 

5.  Relay  intermodulation  in  amplifiers  common  to 
multiple -access  channels. 

6.  Effects  of  relay  switching  in  F.  -  mode,  in¬ 
cluding  interaction  with  squelch, 

7.  Fading  due  to  motion  of  platform  through  spatial  sig¬ 
nal  irregularities  due  to  jungle  inhomogeneity, 

8.  Fading  due  to  atmospheric  effects, 

9.  Fading  due  to  relay  antenna  pattern  irregularities, 
including  pattern  modulation  by  rotor  blade  interaction. 

10.  Rotor  blade  modulation  interaction  with  receiver 

squelch  and  age. 

Clearly,  we  are  not  able  to  predict  the  net  effect  of  all  of 
these  terms,  as  only  a  few  of  them  relate  to  channel  disturbances  which 
produce  predictable  and  repeatable  effects  on  intelligibility. 

The  channel  intelligibility  is  also  related  to  the  time  allowed 
for  transmitting  a  message,  since  the  speaker  may  add  redundancy  to  the 
message  by  repeating  himself,  and  verification  of  the  message  may  be 
exchanged  with  the  listener.  To  avoid  the  necessity  of  defining  a  message 
delay  criterion,  we  have  simply  used  a  10  db  signal  to  noise  plus  distortion 
ratio  in  a  3  kHz  bandwidth  as  a  criterion  for  minimum  satisfactory  service. 

It  is  noted,  of  course,  that  the  time -varying  nature  of  the  signal,  noise, 
and  interference  as  detailed  above  may  produce  a  degradation  of  intelligi¬ 
bility  comparable  to  that  introduced  by  thermal  noise  and  distortion. 

3.2.2  Relay  Configuration 

3.2,2.  1  General 
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It  is  useful  to  divide  the  relay  equipinent  into  two  categories 
based  on  the  up  and  down-link  frequencies.  Frequency  translating 
relaying  is  a  conventional  technique  used  in  connecting  line  of  sight  or 
scatter  communications  links  in  tandem  or  for  satellite  relaying.  The  fre¬ 
quency  separation  permits  the  use  of  filtering  to  keep  the  transmitter  power 
out  of  the  receiver  passband,  permitting  full  duplex  multichannel  operation. 

Common  frequency  (F^-F^)  teclmiques  have  been  applied  in 
telephone  relaying,  passive  reflector  relaying,  or  time  shared  relaying  as 
used  in  the  Courier  satellite.  ^^-Fj  relay  packages  using  rapid  receive- 
transmit  switching  have  been  developed,  (ref.  3.2-1)  and  work  is  in  pro¬ 
gress  on  non-switched  F^-F^  relay  packages. 

These  configurations  of  the  relay  package  impose  a  number 
of  constraints  on  the  application  of  relay  techniques  for  tactical  applications, 
as  will  be  considered  in  the  follow'ing  paragraphs. 

3.2.2.?.  Frequency  Translating  Relay 

3.  2.  2.  2.  1  Configuration 

Figure  3-2  illustrates  the  arrangement  of  an 
package,  with  a  diplexing  filter  to  prevent  transmitter  power  from  entering 
the  receiver.  In  some  fixed  applications,  separation  of  antennas  for  two 
path  directions  would  provide  adequate  R-T  isolation,  provided  that  the  relay 
serves  a  single  channel  in  push-to-talk  operation. 

3.  2.  2.  2.  2  Operaitional  Considerations 

In  a  conventional  FM  net,  any  subscriber  may  initiate  a  mes¬ 
sage  to  any  other.  All  activity  on  the  net  is  audible  to  each  subscriber. 
Break-in  is  possible  only  by  a  subscriber  whose  carrier  level  is  higher  at 
the  desired  receiver,  although  the  breaking-in  subscriber  may  not  be  audible 
to  other  subscribers,  depending  on  the  path  losses. 

In  a  conventional  PRC-25  relay  configuration,  subscriber  A 
and  subscriber  B  may  operate  on  frequencies  F^  and  F^  respectively,  using 
conventional  PRC-25  transceivers.  This  assumes  that  A  and  B  know,  a 
priori,  that  the  relay  will  be  in  operation. 

There  are  two  configurations  of  frequency  translating  relays 
wii  different  network  constraints.  The  first  configuration  is  compatible 
With  single  frequency  transceivers,  while  the  second  configuration  requires 
separate  receive  and  transmit  frequencies  at  the  transceiver,  The  first 
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Figure  3-2.  Frequency  Translating  Repeater  Configuration  (  F 


configuration  is  shown  in  Figure  3-3.  (a)  Note  that  while  A  can  talk  to  B 
and  C  via  the  relay,  he  cannot  talk  directly  to  B  and  C.  Subscriber  B  can 
talk  to  C,  but  does  not  have  the  advantage  of  the  relay  unless  he  switches 
to  A's  frequency.  Traffic  can  be  relayed  verbally  by  A,  but  at  some  expense 
in  operating  convenience  and  contrary  to  standard  procedure. 

It  should  also  be  noted  that  if  B  is  talking  to  A,  C  many  not  be 
able  to  tell  that  the  channel  is  active,  and  may  interrupt  B's  message.  While 
A  can  tell  C  to  stand  by  until  B  has  finished,  this  does  slow  down  net  opera¬ 
tion,  and  does  not  protect  priority  traffic. 

A  further  consequence  of  the  above  relay  configuration  is  that 
if  the  relay  is  inoperative,  either  A,  B  or  C,  etc.  must  switch  to  a  common 
frequency.  It  would  presumably  be  designated  in  the  SOI  which  subscriber 
would  be  responsible  for  changing. 

The  second  frequency  translating  relay  configuration  is  shown 
in  Figure  3-3.  This  configuration  requires  a  simpler  relay  package 

and  is  symmetrical  with  respect  to  the  subscribers.  Since  all  traffic  is 
passed  through  the  relay,  each  subscriber  can  listen  to  all  net  traffic,  and 
has  substantially  the  same  break-in  capability  as  with  the  conventional  FM 
net.  If  the  relay  is  inoperative  each  subscriber  must  change  to  a  common 
receive-transmit  frequency. 

Both  of  the  above  configurations  assume  that  the  relay  is 
dedicated  to  a  particular  net.  In  order  to  keep  interference  from  the  relay 
to  a  minimum,  it  would  be  advantageous  to  use  the  relay  only  when  neces¬ 
sary.  The  subscriber  who  finds  himself  out  of  contact  with  one  or  more 
other  subscribers  in  the  net  must  switch  from  the  normal  net  frequency, 

Fj^,  to  the  relay  channel,  F^.  The  relay  translates  his  signal  to  F.  where 
it  is  audible  to  all  subscribers  in  the  net.  The  called  party  must  also  switch 
to  F2  -  transmit  in  order  to  be  heard  by  the  calling  party.  Other  net  sub¬ 
scribers  may  talk  among  themselves  and  may  hear  the  other  conversation, 
but  can  only  enter  the  conversation  by  switching  to  F^  -  transmit.  Since  the 
receive  frequency  is  fixed,  all  net  subscribers  may  be  informed  of  the  usu 
of  the  relay.  This  mode  required  assignment  of  an  exclusive  second  fre¬ 
quency  for  relay  operation.  Since  the  relay  channel  will  be  used  only  inter¬ 
mittently,  interference  will  be  minimal.  An  AN/PRR-9  receiver  added  to 
the  PRC-25  would  provide  the  needed  second  channel. 

If  the  relay  is  supervised  by  an  operator  (either  at  the  plat¬ 
form  br  connected  by  a  subsidiary  data  link)  the  operator  may  route  traffic 
to  a  small  number  of  relayed  channels,  which  may  be  used  more  efficiently, 
although  the  increased  activity  on  the  relay  channels  will  increase  the  inter¬ 
ference  generated  on  these  channels.  In  order  to  obtain  relay  service,  a 
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Figure  3-3.  F^  -  F^  Network  Configurations 
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subscriber  calls  the  relay  operator  on  a  SOI- de s ignated  order-wire  channel, 
and  identifies  his  net.  The  operator  then  directs  him  to  a  relay  channel 
(which  may  or  may  not  be  prearranged  channel  for  the  particular  net)  with 
a  new  up-link  frequency  and  the  previous  down- link  frequency.  The  calling 
subscriber  is  heard  by  all  other  net  subscribers.  The  called  party  then  is 
requested  to  switch  to  -  transmit  for  the  temporary  relay  connection. 

All  transmissions  on  F^  are  audible  to  all  subscribers,  but  the  subscribers 
not  requiring  the  relay  may  remain  in  the  F^  FM  net  mode.  Again,  use  of 
the  PRR-9  as  an  auxiliary  receiver  will  provide  the  Iw'o-frequency  capa¬ 
bility  required. 


Since  \arious  FM  net  subscribers  desiring  use  of  the  relay 
call  on  a  common  order  wire  channel,  and  may  not  be  able  to  hear  one 
another,  they  may  interrupt  each  other's  requests  for  relay  service.  This 
is  the  same  problem  which  faces  taxi  dispatchers,  whose  receivers  are 
often  captured  by  nearby  taxi  signals  in  the  middle  of  a  transmission  by 
another  taxi.  Their  response  is  to  tell  the  interfering  taxi  to  wait  until 
the  dispatcher  calls  him  back,  which  should  be  equally  acceptable  in  the 
relay  request  procedure. 

There  remains  a  problem  of  how  to  get  the  relay  channel 
back  into  the  pool  when  it  is  no  longer  required.  A  particular  subscriber 
might  need  the  relay  for  only  a  few  seconds,  or  he  might  need  the  relay 
for  twenty  minutes  or  more  for  directing  artillery  fire.  Perhaps  the  best 
answer  is  for  the  use  of  the  relay  for  more  than,  say,  one  minute  on  an 
exclusive  channel  basis  to  require  authorization  from  an  appropriate  level 
of  command.  That  is,  the  operator  would  accept  individual  calls  from 
anyone  for  a  1 -minute  maximum,  and  would  provide  "hot  line'  service  on 
proper  authorization. 

3.  2.  2.  2.  3  Relay  Electronics 

Several  problems  relating  to  the  relay  electronics  result 
from  F^-F.,  operation.  Separate  transceivers  (or  special  purpose  single¬ 
channel  relay  equipments)  should  be  used  for  each  channel,  as  there  is  no 
synchronism  between  the  push-to-talk  activation  on  the  various  channels. 
Therefore,  the  receivers  must  be  protected  against  blocking,  overload,  or 
spurious  response.  This  is  accomplished  partially  by  choice  of  operating 
frequencies  and  the  use  of  diplexing  filters,  as  described  in  3.2.  2.  2.  1 
above.  Since  the  receiver  squelch  may  be  used  to  activate  the  correspond¬ 
ing  transmitter  channel,  it  is  important  that  the  squelch  hot  be  operated  by 
other  transmitters  in  tlie  relay  assembly. 
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^Vhere  amplifiers  common  to  several  channels  are  used,  as 
in  receiver  preamplifiers  or  transmitter  power  amplifiers,  the  distortion 
generated  by  amplifier  overload  must  be  considered  in  relation  to  the  weaker 
signal  levels. 


Multichannel  relay  equipment  would  utilize  similar  diplexing 
filter  and  wide  dynamic  range  receiver  techniques  to  separate  the  receiver 
and  transmit  paths.  If  conventional  FDM-FM  modulation  is  employed,  the 
relay  transmitter  needs  no  special  linearization  to  handle  multiple  channels, 
and  can  be  operated  in  a  saturated  mode, 

3.  2.  2.  3  Common  Frequency  Relay 

3.  2.  2.  3.  1  Channel  Requirements 


The  attractiveness  of  common  frequency  F^  -  F^,  relay 
operation  is  largely  based  on  the  apparent  requirement  for  a  single  RF 
channel  and  a  single  transceiver  for  each  net  using  a  relay.  However,  the 
operational  use  of  a  relay  may  require  more  than  one  channel,  and  out-of- 
band  interference  generation  and  vulnerability  may  also  require  more  than 
one  channel  per  net. 

Much  of  the  weight  saved  with  the  single  transceiver  may  be 
required  for  the  commutation  timer,  the  memory,  and  other  switching  cir¬ 
cuitry  for  a  commutated  relay,  or  for  the  phase  control  circuitry  pre¬ 
sumably  needed  in  a  non-switching  F^-F^  relay. 

Duplex  operation  of  a  passive  reflector  F^-F^  relay  requires 
two  rf  channels.  Path  loss  considerations  limit  the  use  of  passive  reflector 
devices  to  multichannel  point-to-point  relaying, 

3.  2.  2.  3.  2  Relay  Configurations 

The  relay  configuration  of  Figure  3-4  is  basic  to  the  com¬ 
mutated  relay,  consisting  of  a  receiver,  a  memory  device,  and  a  trans¬ 

mitter.  Tne  memory  device,  which  may  consist  of  a  magnetic  tape  mem.ory 
for  a  Courier-type  relay,  or  a  holding  capacitor  in  a  rapid  sampling  relay, 
is  loaded  while  the  antenna  is  connected  to  the  receiver,  and  unloaded  with 
the  antenna  connected  to  the  transmitter. 

Since  the  commutation  rate  is  independent  '  the  applied 
modulation,  a  multiple  channel  relay  equipment  may  tui  on  all  receivers 
or  all  transmitters  in  synchronism,  avoiding  the  receive-transmit  isolation 
problems  of  the 
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The  non- switching  F^-F^  relay  (a  VHF  FM  version  of  which 
is  currently  under  development  under  an  ECOM  contract)  presumably  em¬ 
ploys  antenna  polarization  or  mode  isolation  together  with  coherent  genera¬ 
tion  of  a  time-quadrature  carrier  in  a  manner  similar  to  a  CW  radar  in 
order  to  obtain  R-T  isolation,  A  development  effort  for  a  similar  relay  for 
UHF  AM  operation  has  been  initiated  by  the  Air  Force  Systems  Engineering 
Group  at  Wright-Patterson  AFB.  Development  of  a  non- switching  F^-F^ 
relay  for  more  than  one  RF  channel  appears  to  be  a  formidable  task. 

A  passive  reflector  link  involves  the  same  basic  terminal 
configuration  as  would  be  associated  with  a  line  of  sight  link,  with  the  re¬ 
flector  providing  an  improved  path-loss  situation. 

3.  2,  2.  3.  3  Operational  Considerations 

There  are  several  features  of  the  F^-F^  relay  which  lead  to 
problems  in  relay  applications.  If  the  relay  operates  on  the  original  FM 
net  frequency  (as  assumed  in  claiming  single  frequency  operation)  some 
subscribers  will  receive  signals  both  from  the  relay  and  directly  from  an¬ 
other  subscriber,  leading  to  potential  system  degradation  for  some  sub¬ 
scribers  as  the  price  for  improving  performance  for  other  subscribers.  If 
the  switching  rate  of  the  F^-F  equipment  is  well  above  the  audio  range, 
the  relay  could  readily  generate  interference,  possibly  over  several  adja¬ 
cent  channels. 

These  problems  may  be  alleviated  somewhat  by  using  the 
relay  on  an  as-required  basis.  One  means  would  be  to  use  a  second  channel 
for  relay  operation,  negating  the  channel  requirement  advantage.  Each 
subscriber  would  require  an  auxiliary  receiver  ti'ued  to  the  relay  frequency. 

If  the  relay  is  supervised  by  an  operator,  a  subscriber  needing 
augmentation  of  his  range  may  call  the  operator  on  an  order  wire  channel  to 
request  service,  then  return  to  his  original  net  frequency,  where  the 
operator  will  provide  temporary  relay  service.  There  is  still  the  possibility 
that  subscribers  in  the  net  who  did  not  need  the  extended  range  may  find 
their  circuit  degraded  by  multipath. 

Use  of  a  switching  F^-F^  relay  may  pose  problems  of  com¬ 
patibility  with  digital  modulation  modes,  the  use  of  which  will  become  in¬ 
creasingly  important  in  the  next  few  years. 

3.  2.  2.  3.  4  Switching  Rate  Considerations 

The  switching  rate  of  a  commutated  F^-F^  relay  as  shown  in 
Figure  3-4  is  important  in  determining  the  performance  of  the  relay 
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itself  as  well  as  the  nterference  generation  and  \ailne  rability  interfaces  with 
oilier  systems. 


The  following  factors  have  been  considered  in  attempting  to 
estimate  relay  performance  potential: 

a)  Receiver  IF  pulse  response 

b)  Receiver  squelch  rate 

c)  Intelligibility  of  chopped  speech 

d)  Relay  output  spectrum 

e)  Ground  echo  return 

f)  Precipitation  echo  return 

In  response  to  a  series  of  carrier  pulses,  the  receiver  IF 
will  provide  a  response  similar  to  a  low-pass  filter  of  half  the  IF  bandwidth. 
For  the  36  kHz  PRC-25  bandwidth,  the  response  shape  is  therefore  similar 
to  an  18  kHz  low-pass  filter.  Figure  3-5  (ref.  3,2-2)  shows  the  res¬ 
ponse  corresponding  to  a  fixed  repetition  rate  and  various  values  of  equiva¬ 
lent  low-pass  bandwidth.  If  the  repetition  rate  is  less  than  0.  25  of  the  IF 
bandwidth,  the  carrier  will  decay  to  zero  during  the  pulse  interval.  As  the 
receiver  will  be  provided  with  enough  gain  to  limit  on  background  noise, 
the  output  noise  level  may  rise  to  a  level  comparable  to  the  signal  level  in 
the  inter-pulse  interval.  The  receiver  squelch  time  constant  is  typically  a 
few  hundred  milliseconds,  so  the  squelch  will  not  be  able  to  suppress  the 
noise  burst,  and  a  severe  degradation  of  the  signal  to  noise  ratio  will  result. 
For  lower  carrier  to  noise  ratios,  the  degradation  will  extend  to  higher 
switching  rates  than  for  high  carrier  to  noise  ratios,  since  the  carrier  may 
more  easily  drop  below  threshold. 

Miller  and  Licklider  (ref.  3,2-3)  have  investigated  the  effects 
of  switching  speech  on  and  off  at  various  rates,  and  the  effects  of  alternating 
speech  and  noise.  Figures  3-6  and  3-7  show  some  of  the  results  of 
this  investigation.  It  is  particularly  noteworthy  that  articulation  reaches 
a  peak  at  switching  rates  of  the  order  of  20-50  Hz,  and  reaches  a  minimum 
at  frequencies  of  several  hundred  Hz.  For  switching  speeds  of  the  order  of 
10-15  Hz,  the  presence  of  noise  in  the  gaps  makes  speech  more  acceptable 
although  it  does  not  improve  the  intelligibility. 

For  rapid  switching  rates,  an  appreciable  fraction  of  the  sig¬ 
nal  spectrum  falls  outside  the  IF  passband,  resulting  in  an  increasing  loss 
of  carrier  to  noise  ratio  up  to  the  point  where  the  first  switching  sidebands 
are  located  beyond  the  IF  passband.  The  power  lost  in  this  rr.anner  is  of 
the  order  of  10  db  for  cosine-squared  keying  waveforms  with  :3%  transmit 
duty  cycle,  as  used  in  Motorola's  experimental  F^-F^  relay  (ref.  3.2-1). 


47 


Figure  3-5.  Effect  of  Bandwidth  on  the  Transmission  of  Detail 
( After  Goldman ) 


Figure  3-6.  Effect  of  Masking  of  Continuous  Speech  by  Interrupted 
Noise,  50%  Duty  Cycle  (  After  Miller  and  Licklider  ) 


Figure  3-7.  Effect  of  Alternation  of  Speech  and  Noise  Intervals,  50% 
Duty  Cycle  ( After  Miller  and  Licklider  ) 
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This  power  loss  may  be  overcome  by  increased  transmitter 
power  on  the  down-link,  although  there  is  a  loss  due  to  the  reduced  relay  re¬ 
ceiving  period  on  the  up-link  which  cannot  be  compensated.  Since  the  com¬ 
ponents  of  the  switching  spectrum  are  each  modulated  by  the  original  audio 
waveform,  there  will  be  a  range  of  switching  speeds  where  the  FM  spectra 
around  the  carrier  and  around  the  first  switching  sideband  are  both  within 
the  IF -discriminator  passband,  producing  distortion.  This  suggests  that 
switching  rates  of  the  order  of  half  the  IF  bandwidth  plus  the  peak  deviation 
are  needed  to  minimize  distortion. 

Echos  of  the  relay  output  signal  from  the  ground  may  degrade 
the  relay  receiving  signal-to-noise  ratio,  and  may  confuse  the  squelch  ac¬ 
tivation  of  the  transmitter. 

The  various  factors  described  above  have  been  combined  to 
give  a  postulated  relationship  of  switching  rate  and  articulation,  in  Figure 
3-8.  Apart  from  the  low-frequency  asymptote  at  50%  articulation,  the 
values  are  all  uncertain,  and  are  intended  only  to  indicate  trends.  The  re¬ 
lative  magnitude  of  the  low  and  high  frequency  articulation  peaks  is  like¬ 
wise  uncertain.  A  comprehensive  experimental  program  would  be  expected 
to  be  more  productive  than  theoretical  investigation,  *  in  view  of  the  inter¬ 
action  of  electrical  and  psychoacoustical  phenomena. 

As  previously  noted,  once  switching  speeds  are  below  the 
Nyquist  rate,  the  relay  will  not  be  compatible  with  nonsynchronous  digital 
modulation  formats, 

3, 2, 2, 4  Summary 

Several  considerations  have  been  discussed  above  bearing 
on  the  selection  of  F^-Fj  or  Fj-F_  relay  modes  in  terms  of  onerational 
restrictions,  relay-transceiver  interfaces,  and  relay  realisation.  Pre¬ 
liminary  conclusions  are  that: 

1)  For  the  initial  time  frame,  Fj-F^  relaying  is  most 

likely  to  provide  useful  service. 


A  brief  qualitative  investigation  of  speech  performance  with 
various  switching  rates  conducted  by  Page  Communications  Engineers,  Inc, 
verified  the  low  frequency  maximum,  but  failed  to  show  a  high  frequency 
peak.  The  need  for  more  detailed  measurements  is  evident. 
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2)  Compatibility  of  a  single  transceiver  Fjj-F_  relay 
with  AN/P^C-25  type  equipment  requires  issuing  AX/PRC-9 
or  similar  receivers  for  second -frequency  operation, 

3)  Frequency  allocation  problems  and  varying  military 
estimates  of  the  demand  for  relay  service  suggest  that  super¬ 
vised  relays  with  limited  numbers  of  channels  may  best  serve 
the  initial  and  interim  requirements, 

4)  ^l"^l  relay  equipment  utilizing  low  speed 

switching  appears  to  be  compatible  with  VHF-FM  tactical 
radio  equipment,  and  may  be  implemented  simply  enough  to 
be  considered  for  the  interim  time  frame,  but  is  not  com¬ 
patible  in  general  with  digital  modulation  modes, 

5)  Non-switching  F^-Fj  relay  development  may  lead  to 
improved  channel  quality,  but  does  not  appear  to  be  suitable 
for  simultaneous  relaying  of  2  or  more  channels. 
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PROPAGATION 


3.  3 

3.  3.  1  Design  Criteria 

3.  3.  1.  1  Line  of  Sight  Systems.  Line-of -sight  system  design  must 

provide  adequate  protection  against  the  three  most  serious  sources  of  prop¬ 
agation  degradation.  These  are: 

1.  Earth  bulge  fading 

2.  Destructive  interference  fading  (multipath) 

3.  Space  wave  fadeout  associated  with  ducting 

In  addition,  protection  must  be  provided  against  precipitation  absorption  out¬ 
age  for  paths  sufficiently  high  in  frequency  for  this  to  become  a  factor.  For 
VHF  and  UHF  relay  operation,  the  precipitation  effects  can  be  ignored.  The 
relay  antenna  height  is  also  sufficient  to  minimize  problems  due  to  space  wave 
fadeout.  In  cases  where  a  terminal  is  immersed  in  a  jungle  media,  the  propa¬ 
gating  ray,  once  free  of  the  jungle  canopy,  lends  itself  to  the  line -of -sight 
analysis  described  here. 


3.  3.  1.1.1  System  Margin 


The  available  system  margin  A  (defined  as  tiie  maximum  per¬ 
missible  attenuation  below  free  space  for  a  specified  grade  of  service)  is 
given  in  db  by  Norton,  et.  al.  (ref.  3.3-1)  as 


A 


G  - 
P 


mr  bf 


-  L 


tt 


v/here  P^  is  the  transmitter  power  in  decibels  above  1  watt 

G  is  the  path  antenna  gain,  equal  to  the  sum  of  the  maxi¬ 
mum  gains  Gj  and  G^  of  the  transmitting  and  receiving 
antennas,  less  any  polarization  and  beam  orientation  loss 


is  the  operating  sensitivity  of-the  receiver  in  decibels 
above  1  watt 


is  the  free-space  path  loss 

Is  a  loss  factor  which  allows  for  transmission  line  loss 
and  mismatch  terms 

L  is  a  loss  factor  which  allows  for  antenna  circuit  losses, 
tc 
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For  a  pcth  length  d  (in  km)  and  a  radio  frequency  f  (in  MHz),  is  given  by: 

=  32.  45  +  20  logj^f  +  20  log^^d 

The  data  presented  herein  are  developed  on  a  probabilistic 
basis  with  some  allowances  for  the  range  of  atmospheric  conditions  which 
may  be  encountered.  In  this  section  it  is  assumed  that  the  ground  terminal 
is  in  a  cleared  area  free  of  the  jungle  canopy.  For  any  particular  point-to- 
point  path,  sufficient  meteorological  data  and  path  terrain  profiles  could  be 
developed  to  permit  a  detailed  analysis  by  deterministic  methods.  However, 
such  a  procedure  appears  ineffectual  for  the  air-to-ground  relay  since  move¬ 
ments  of  the  platform  by  a  few  centimeters  can  significantly  alter  the  calcul¬ 
ated  results. 


3.3.  1 .  1.2  Propagation  Geometry 

The  path  loss  between  the  ground  based  transmitter  (or  top  of 
jungle  canopy)  and  relay  is  calculated  whh  the  geometric  representation 
shown  in  Figure  3-9.  The  slant  range,  r^,  is  determined  from  the  ground 
distance,  d,  and  the  relay  height,  h^.  As  the  relay  continues  to  in¬ 
crease  in  distance  from  the  ground  transmitter,  the  angle  0  (measured  from 
the  zenith)  increases.  The  horizon  is  reached  and  line-of-sight  transmission 
ceases  as  0  approaches  w  90  degrees.  Figure  3-10  illustrates  the  slant 
range  for  several  platform  altitudes. 


The  refractive  nature  of  the  troposphere  and  the  variations  of 
refractive  index  with  altitude  alter  the  path  of  the  line-of-sight  transmission. 
The  gradient  of  refractivity  (dN/dh)  determines  the  amount  of  ray  bending. 
When  the  gradient  (dN/dh)  is  positive,  rays  will  be  bent  upwards;  when  the 
gradient  is  negative,  they  will  be  bent  downwards.  It  is  customary  to  allow 
for  this  bending  by  employing  the  concept  of  an  effective  earth's  radius  wherein 
the  curvature  of  the  rays  is  subtracted  from  that  of  the  earth  to  determine  an 
artificial  earth  of  radius  a  =  ka^  (where  a^  =  6370  km).  Using  this  method,  the 
propagation  path  may  be  represented  with  straight  lines  and  the  effective  earth 
ratio,  k,  is  given  by: 


k 


dn  \  -1 
dh  / 


The  local  refractive  index,  n,  is  determined  (ref.  3.3-2)  from 
the  published  values  of  refractivity,  N,  by: 


n  =  1  +  (N)  10 
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SLANT  RANGE,  KM 


The  grariicnt  (cln/clh)  is  similarly  obtained  from  values  of  dN/dh  by: 

-6 

dn/dh  =  (d^7dh)  10 

5 .  3 .  1 .  1 .  3  Earth  Bulge  Fading 

During  certain  percentages  of  time,  the  refractivity  gradient 
of  the  troposphere  increases  to  values  which  yield  a  small  effective  earth's 
radius.  As  the  radius  decreases,  the  bulge  of  the  earth  may  obstruct  the 
line-of-sight  path.  During  this  percentage  of  time,  the  path  loss  increases 
rapidly  as  the  propagation  mode  changes  to  diffraction  or  troposcatter.  A 
quantitative  discussion  of  the  probable  earth  bulge  fading  effects  is  covered 
in  Section  3.  3.  3,  Propagation  Variabilities. 

3.3,  1 .  1.4  Destructive  Interference  Fading 

Since  it  has  been  determined  that  very  little  antenna  gain  can 
be  vised  effectively,  it  is  necessary  to  make  appropriate  allowances  for  multi- 
path  interference.  In  contrast  with  earth-bulge  fading,  phase  interference 
fading  arises  from  large  negative  values  of  dN/dh,  permitting  a  phase  differ¬ 
ence  of  n  r:  radians  between  the  direct  and  reflected  ray.  Interference  fading 
may  generally  be  negated  by  means  of  space  or  frequency  diversity.  This 
type  of  fading  may  be  expected  to  be  most  severe  on  paths  with  smooth  ter¬ 
rain.  Therefore,  consideration  of  multipath  with  a  smooth  earth  model  pro¬ 
tects  the  systems  against  the  worst-case  situation. 

If  the  phase  difference  between  the  direct  and  reflected  rays  vs 
designated  2tt  v(f),  and  a  phase  change  of  tr  radians  on  reflection  is  assumed, 
the  attemiation  (with  respect  to  free  space)  due  to  addition  of  the  two  waves  at 
the  receiver  is  given  by: 

A(f,  k)  =  20  logjQ  I  2  sin  [n  V(f,  k)  ]  1 

for  a  specified  effective  earth's  radius  constant,  k.  This  simplified  model  is 
conservative,  in  that  any  focusing  or  defocusing  of  the  reflected  ray  tends  to 
decrease  the  maximum  possible  value  of  A  (f, k).  It  may  be  demonstrated  that 
for  a  grazing  ray,  v(f,  kg)  =  0;  and,  v(f,  k)  increases  monotonically  with  in¬ 
creasing  k,  i.e.,  with  decreasing  dN/dh. 

In  the  high  altitude  relay  instance,  the  statistics  of  short-term 
phase-interference  fading  can  be  represented  by  a  Rayleigh  distribution.  This 
model  has  been  widely  used  for  system  design  where  a  multiplicity  of  para¬ 
meters  (such  as  platform  height  and  movement,  terrain  fer^tures,  etc.  )  are 
uncertain.  Figure  3-11  indicates  that  a  fade  margin  of  38  db  should  provide 

•••  R.  L.  Marks,  et  al.  ,  "Some  Aspects  of  FM  design  for  Line  of  Sight 
and  Troposcatter  Systems",  AD  617  686,  April,  1965,  p.  53. 


f>CRCENT  OF  TIME  BELOW  MONTHLY  MEDIAN  LEVEL 


Figure  3-11  -  Statistical  Distribution  of  Interference  Fading 
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a  99.99%  short-term  reliability.  Frequency  diversify,  with  a  frequency 
separation  of  approximately  5%  yields  the  same  percentage  of  interference 
protection  with  a  fade  margin  of  only  18  db. 

3.  3. 1.2  Propagation  Through  a  Jungle  Canopy 

3. 3. 1.2.1  Analysis 

The  phenomenon  of  radio  propagation  loss  introduced  by  jungle 
foliage  has  been  observed  for  many  years  and  has  received  particular  atten¬ 
tion  under  the  pressure  of  military  operations  in  Southeast  Asia.  In  an  effort 
to  improve  tactical  radio  communications  in  this  and  similar  areas  by  the  use 
of  high  altitude  airborne  relays,  it  is  necessary  to  develop  models  for 
air-to-ground  propagation  over  terrain  characterized  by  mountains,  jungle, 
foliage,  and  tropical  climate  conditions. 

In  other  areas  where  counterinsurgency  operations  might  be 
required,  quite  different  propagation  conditions  may  exist.  It  would  appear, 
however,  that  the  propagation  to  be  expected  in  deserts,  tropical  grasslands, 
or  temperate  climates  would  be  more  accurately  predicted  by  contemporary 
theory  than  is  tropical  jungle  propagation.  For  this  reason,  and  for  the  im¬ 
mediate  time-frame  application  of  relay  techniques,  the  study  has  concen¬ 
trated  on  the  jungle  communications  problem  as  observed  in  Viet  Nam  and 
Thailand. 

Extensive  measurement  programs  have  been  conducted  in  Thai¬ 
land  to  determine  the  radio  characteristics  of  jungle  foliage  and  to  evolve 
techniques  for  the  prediction  of  the  range  of  communications  equipments.  A 
selected  bibliography  of  references  to  jungle  propagation  and  related  topics 
is  presented  in  Section  3.  6. 

The  approach  taken  to  the  prediction  of  path  loss  for  a  ground 
transceiver  to  airborne  relay  is  to  divide  the  loss  into  two  components. 

The  first  component  is  a  systematic  loss  computed  on  the  basis  of  an  idealized 
slab  model  of  the  jungle  foliage.  The  second  component  is  a  statistically  des¬ 
cribed  loss  representing  the  inhomogeneity  of  the  real  jungle,  the  effect  of  the 
foliage  on  the  transceiver  antenna  pattern,  and  the  angular  fluctuation  of  the 
antenna  gain  at  the  relay  platform.  It  may  be  possible  and  useful  to  sepa¬ 
rate  the  latter  term.  Experimentally  determined  electrical  parameters  of  the 
jungle  are  used  in  computing  the  systematic  component.  Measured  distri¬ 
butions  of  the  difference  between  actual  loss  and  systematic  loss  serve  to 
provide  estimates  of  loss  variability. 
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The  following  paragraphs  describe  the  propagation  analysis  and 
computational  procedure,  the  results  of  the  computations,  and  the  implications 
for  the  design  of  relay  systems. 

3,  3. 1,2.  2  Propagation  Model 


For  a  number  of  years  a  growth  of  vegetation  has  been  regarded 
as  a  lossy  dielectric  for  purposes  of  radio  wave  propagation.  Gerber  and 
Werthmueller  (ref.  3.3-2)  measured  quite  directly  the  intensity  of  electric 
polarization  of  the  trees  of  a  forest  as  a  function  of  temperature  and  type  of 
tree.  From  these  measurements,  they  then  predicted  and  subsequently  veri¬ 
fied  by  measurement  the  path  loss  for  medium  frequencies  for  propagation 
through  forest.  Quite  recently  Sachs  and  Wyatt  (refs.  3.  3-4  and  3,  3-5), 
assuming  antennas  located  in  a  slab  of  lossy  dielectric  between  earth  and  air, 
have  performed  an  incisively  analytical  integration  of  the  traditional  Bessel 
transforms  (ref.  3.  3-6)  generally  descriptive  of  propagation  in  and  near  lossy 
media.  In  reference  3.  3-5  Sachs  correlates  the  measurements  of  Jansky  and 
Bailey  (ref.  3.  3-7)  with  predictions  based  on  his  analytical  representation  and 
finds  a  very  substantial  agreement  (compare  pages  46  and  55  of  ref.  3.  3-5)  -- 
to  within  1.  5  db  for  the  6-100  MHz  range  and  to  within  4  db  for  the  250  -  400 
MHz  range.  Lateral  wave  propagation  has  been  studied  by  Tamir  (ref.  3.3-8) 
for  jungle  to  jungle  communications  with  results  in  general  agreement  with 
those  above. 


Although  the  Bessel  transform  is  an  elegant  and  properly  gen¬ 
eral  representation  o'!  propagation,  it  is  recc^jnized  that  it  corresponds  in  the 
general  case  to  a  superposition  of  plane  waves  (compare  ref.  3.  3-6,  page  577) 
and  in  suitable  circumstances  may  be  replaced  by  a  plane  wave  or  ray  repre¬ 
sentation.  In  the  instance  of  propagation  between  a  jungle-based  antenna  and 
an  aircraft-based  antenna,  it  is  sufficient  to  consider  a  direct  and  a  ground- 
reflected  ray  because  any  additional  rays  are  too  attenuated  to  contribute  sig¬ 
nificantly  to  the  net  result. 

A  computer  sub-routine  of  a  larger  propagational  program  has 
been  established  to  compute  the  pattern  of  interference  between  the  direct  and 
ground-reflected  rays  in  the  air  space  above  a  jungle-sited  antenna.  More 
specifically,  referring  to  Figure  3-12  inputs  to  the  computer  are  permea¬ 
bility,  permittivity  and  conductivity  for  earth  and  for  jungle  and--as  the  pro¬ 
gram  stands --values  of  permeability  and  permittivity  different  from  unity 
may  be  specified  for  the  air-space,  should  one  wish  to  do  so.  Additionally, 
depth  of  jungle  and  height  of  antenna  as  well  as  frequency  and  polarization 
are  inputs.  A  quarter-wave  dipole  is  assumed  in  the  expectation  that 
the  phased  gain  of  an  actual  source  would  be  similar  to  this. 
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Figure  3-1?,.  Geometry  of  Slab  Model 
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The  output  of  the  subroutine  is  the  amplitude  of  the  interfering  pair  of  rays 

versus  whatever  schedule  has  been  specified  for  the  independent  variable, 0  . 

o 


3.  3.  1.  2.  3  Propagation  Analysis 


For  a  conducting  medium,  Snell's  law  requires  that  0^  of 
Figure  3-12  be  complex.  This  corresponds  to  a  real  angle  of  propagation 
determined  by 


cos  't 


Re  Vk. 


-L 


,  ^  .  2  « 
k  sin  6 
a  o 


iRe  ^  2  2  2  2  2 

V  •;  k.  -  k  sin  0  /  +  k  sin 


0 

o 


where 


=  angle  of  propagation 


k  =  complex  propagation  constant  in  air 
k^  =  complex  propagation  constant  in  jungle 
0  =  zenith  angle  of  relay  platform 


This  angle  is  used  together  with  the  antenna  height  h  and  the  jungle  height  d  to 
compute  the  direct  and  indirect  ray  lengths  within  the  jungle  and  the  distance 
between  rays  at  the  air-jungle  surface.  The  ray  lengths  are  used  with  0^ 
(Figure  3-12)  to  compute  attenuation  and  phase  lengths  of  the  two  rays  within 
the  jungle.  The  phase  length  of  the  direct  ray  is  augmented  by  the  projection 
of  the  distance  betv/een  rays  at  the  jungle-air  surface.  The  reflection  coef¬ 
ficient  at  the  jungie-ground  surface  is  computed  as  in  Stratton  (ref.  3.3-6,  pp. 
493,  494). 


The  properly  phased  and  attenuated  rays  are  combined  at  the 
plane  E-E  of  Figure  3-12.  The  absolute  value  is  multiplied  by  transmission 
coefficients,  following  generally  Stratton's  development  (ref.  3.  3-6,  pp.  495, 
496).  For  vertical  polarization  the  square  of  the  transmission  coefficient  is 
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where  T  =  transmission  coefficient  for  vertical 

V  ... 

polarization 
=  permeability  of  air 
^i.  =  permeability  of  jungle 


and  for  horizontal  polarization  is 


These  coefficients  account  for  the  increasing  divergence  of  rays  emerging  from 
the  jungle  at  0^  for  real  incident  angles  at  which  total  reflection  occurs  (T  =  0). 
For  small  conductivity  the  critical  angle  to  good  approximation  is 

il'  =  arc  sin 
c 


where  the  dielectric  constant  of  the  jungle. 

This  procedure  has  been  converted  into  a  Fortran  -  IV  Program 
with  the  following  input/output  requirements. 


The  input  data  required  by  the  main  program  are; 


a.  Slab  model  constants 

b.  Antenna  data  (relay) 

c.  Antenna  data  (jungle) 

d.  Canopy  height 

e.  Frequency 

f.  Reference  atmosphere,  N 

g.  Height  of  relay 

h.  Earth  distance  from  relay  to  jungle  antenna 


outputs: 


From  this,  the  program  computes  and  prints  the  following 
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a.  Total  path  loss,  including  jungle  propagation,  '.ree 
space,  ground  reflection  within  the  jungle  and  atmospheric  absorption. 

b.  The  elevation  angle  outside  the  canopy  computed  from 
the  distances,  reference  atmosphere  and  heights  given. 

c.  The  elevation  angle  inside  the  canopy  computed  from 
boundary  conditions  determined  by  the  slab  constants. 

3.  3.  2  Propagation  Predictions 

3.  3. 2.  1  Introduction 

From  the  results  of  the  computer  program  described  in  the 
previous  section,  parametric  curves  of  the  systematic  component  of  path 
loss  have  been  prepared.  The  computer  program,  in  effect,  translates  the 
radiation  pattern  of  a  vertical  radiator  immersed  in  the  jungle  into  an 
effective  free-space  pattern  in  the  half-space  above  the  jungle.  It  includes 
the  effects  of  the  amplitude  and  phase  of  the  ground- reflected  ray,  attenua¬ 
tion  and  retardation  of  the  direct  and  reflected  rays  through  the  jungle, 
transmission  loss  (partial  reflection  and  dispersion)  through  the  jungle-air 
interface,  and  coherent  combination  of  the  resultant  two  rays  in  a  plane  nor¬ 
mal  to  the  direction  of  free-space  propagation.  It  is  assumed  that  a  path 
through  the  jungle  media  incurs  higher  losses  than  normal  line-of-sight  (free- 
space)  propagation.  Thus,  this  section  is  weighted  toward  jungle  propagation 
analysis. 

3.  3.  2.  2  Loss  Dependence  on  Relay  Height 

For  the  transceiver  to  relay  path  geometry  indicated 
in  Figure  3-9  and  Figure  3-10  the  systematic  portion  of  the 
path  loss  has  been  computed.  Figures  3-13  and  3-14  show  path  loss  in  db 
(consisting  of  free  space  loss  plus  loss  in  penetrating  the  jungle,  as  above) 
versus  lateral  distance  between  the  ground  transmitter  and  the  sub- relay 
point.  These  figures  contain  six  curves  parametric  in  relay  height  hj.  accord¬ 
ing  to  the  schedule  hj.  =  0.  3,  1. 0,  3.  0,  10.  0,  30.  0,  100.  0  km.  The  curves  are 
presented  for  30  and  76  MHz  and  for  a  canopy  height  of  20  meters.  The  antenna 
within  the  jungle  is  assumed  to  be  a  quarter-wave  whip  at  76MHz  and  corres¬ 
pondingly  shorter,  electrically,  at  30  MHz. 

Electrical  constants  are: 


Air 

Jungle 

Ground 

Conductivity  a 

0 

. 00015 

.02 

(mho/m) 

Permittivity 

1.0 

1.  02 

15.  0 
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TJic  jungle  constants  abo\e  are  based  upon  Parker  and  Hagn's  measurements 
of  specific  permittivity  (ref.  3.  3-9)  and  Sach's  best  fit  value  of  conductivity 
(refs.  3.  3-4  and  3.  3-5).  Prior  measurements  by  Parker  and  Hagn  have  in¬ 
dicated  values  of  permittivity  of  the  order  of  1.2. 


3.  3.  2.  3  Sensitivity  to  Jungle  Parameters 


Since  Parker's  and  Sach's  analyses  agree  for  representative 
values  of  jungle  conductivity  no  specific  analysis  of  sensitivity  to  this  para¬ 
meter  has  been  performed.  However,  Sachs  has  computed  curves  between 
two  antennas  immersed  in  the  jungle  for  c.  =  .  0001  and  =  .  0002  (refs.  3.  3-4 


and  3.  3-5),  and  these  can  be  used  to  obtain  some  idea  o 


f^  the  sensitivity  to  Oj. 


While  Parker's  early  transmission  line  measurement  indicated 
a  value  of  £.  =  1.2,  Sachs  uses  a  value  for  permittivity  £:  =  1.  02  in  his  analyses. 
These  values  have  been  used  here.  Figures  3-15  and  3-16  have  been  plotted 
to  illustrate  the  sensitivity  of  path  loss  to  Cj.  These  curves  are  for  30  and 
76  MHz  respectively. 


It  may  be  seen  that  little  sensitivity  to  C.  occurs  at  high  ray 
angles;  however,  as  the  ray  angle  approaches  the  hori^.on  varying  amounts 
of  path  loss  reduction  with  increasing  e.  are  evident  from  the  curves.  Figures 
3-17  and  3-18  illustrate  the  effects  of  jungle  canopy  height.  These  are 
plotted  for  30  and  76  MHz  at  canopy  heights  of  10,  20  and  30  meters. 

3.  3.  2.  4  Effect  of  Dipole  Antennas 

The  principal  effect  of  the  dipole  antenna  pattern  is  some 
reduction  in  path  loss  at  longer  ground  distances,  and  a  rise  in  loss  at  ex¬ 
tremely  short  ranges,  corresponding  to  the  nulls  of  the  dipole  pattern.  Por¬ 
tions  of  the  curves  corresponding  to  more  than  30  db  total  null  depth  at  high 
angles  are  unlikely  to  bo  realized  due  to  the  uncertainties  of  antenna  orientation 
stability  and  fill-in  resulting  from  jungle-scattered  energy  at  other  angles. 

The  small  bending  or  distortion  in  the  curves  is  due  to  the  interaction  of  the 
antenna  pattern,  the  ground  reflection  and  the  canopy-air  boundary  refraction. 

The  pattern  differences  between  electrically  short  and  quarter -wave  whips  are 
small  duo  to  the  normal  higher  angle  of  operation  and  scattering  within  the  jungle. 

3.  3.2.  5  Antenna  Gain  for  UHF  Multichannel  Ilelay 

When  operating  at  frequencies  in  the  range  of  1700  to  2200  GHz, 
antenna  gains  in  excess  of  20  db  would  normally  be  used.  hen  e-xamining  the 
path  geometry  using  a  relay  platform,  it  is  obvious  .hit  the  vehicle  could  be  at 
any  elevation  angle  from  0  to  90  degrees  and  at  altitudes  ranging  to  10  kni 
or  more.  Since  this  range  is  large,  it  appears  infeasible 
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5  10  SO  90  100  300 

GROUND  DISTANCE,  Ha 

Figure  3-17.  Path  Loss  vs  Ground  Distance  with  Variations  in 
Canopy  Height  (30  MHz) 
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lo  :£c  a  hiuhly  ciirecticnal  antenna  on  the  platform.  In  addition,  it  is 
possible  l.bat  t.be  tactical  unit  requiring  the  relay  support  may  not  be  in  a 
pcsiticir.  to  aim  the  ground  antenna;  and,  it  is  conceivable  that  the  relay  could 
be  near  the  horizon. 


From  the  foregoing  it  would  appear  that  the  antennas  for  use 
on  the  airborne  platform  should  be  omni-directional  and  that  ground  antennas 
should  have  relatively  broad  azimuthal  patterns.  Since  the  greatest  path  loss  is 
encountered  at  low  elevation  angles,  gain  in  the  elevation  plane  might  be  useful 
with  the  cosecant-squared  type  of  antenna  pattern  used  in  some  radar  applications. 

3.  3.  2.  6  Allowable  Path  Loss 


An  alternate  presentation  of  the  data  may  be  useful  in  visuali¬ 
zing  platform  height-system  gain  tradeoffs.  Here,  required  relay  altitude 
is  plotted  against  ground  distance  parametrically  in  allowable  path  loss. 

Curves  of  this  type  are  presented  in  Figures  3-19  and  3-20,  The  curves 
are  plotted  for  a  canopy  height  h  of  20  meters,  o.  of  .00015  mhos  and  C.  of 
1.  02  at  frequencies  of  30  and  76  MHz. 


It  should  be  noted  that  these  curves  (3-13  through  3-20  do 
not  include  the  variational  component,  which  defines  the  additional  path  loss  for 
a  particular  fraction  of  time. 


3.  3.  3  Propagation  Variability 

3.  3.  3.1  Wiihin  the  Jungle  Canopy 

Path  losses  computed  for  propagation  through  the  jungle  are 
median  values,  based  upon  average  electrical  parameters  of  the  jungle.  In 
actual  fact,  there  are  discontinuities  (such  as  tree  trunks  and  branches)  and 
voids  large  compared  with  a  wavelength,  which  result  in  substantial  spatial 
variation  in  received  signal  with  small  displacements  about  any  location. 
Further,  the  assumption  of  a  smooth  (compared  to  a  wavelength)  interface 
between  the  jungle  and  air  breaks  down  with  increasing  frequency.  Sachs, 
(ref.  3.3-5,  FIGURES  19,  20)  presents  distributions  of  differences  between 
predicted  and  measured  path  losses  between  two  antennas  immersed  in  the 
jungle.  These  curves  are  Gaussian  in  shape  and  display  the  following  charac 


teristics: 

Frequency  Range,  MHz 

Median  Error,  db 

Standard  Deviation,  db 

6  -  100 

-1.  5 

6.  0 

250  -  400 

-4.  0 

10.  5 
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Somewhat  more  diroctij*  applicable  data  are  a\-ailable,  however,  for  the  \'nF 
ground-to-air  case.  An  SRI  report  on  mcasuremi  nts  between  an  aircraft  and 
a  ground  transmitter  through  dense  Eucalyptus  foliage  provides  son'je  directly- 
scaled  loss  statistics  (ref.  3.  3-10).  Figure  3-21,  which  is  replotted  from 
FIGURE  26  (c)  of  ref.  3.3-10,  shows  the  distribution  of  measurements  of  path 
loss  exceeding  the  median. 

As  pre\  iously  noted,  SRI  has  performed  a  series  of  measure¬ 
ments  of  air-to-ground  propagation  in  Thailand  using  a  helicopter-towed 
XELEDOP  transmitter,  and  is  currently  engaged  in  analysis  of  the  resulting 
data.  When  available,  these  data  will  provide  a  further  basis  for  the  varia¬ 
tions  of  path  loss  to  be  e.xpected. 

In  the  absence  of  these  measurements,  the  distribution  of 
FIGURE  3.  3-13  can  be  used  to  determine  margins  necessary  to  assure  a 
specified  probability  of  ser\-ice  for  a  one-way  link.  For  a  90  percent  pro¬ 
bability  (probably  adequate  in  view  of  the  possibility  of  a  avoiding  deep  nulls 
by  small  movements  of  the  antenna)  it  can  be  seen  from  Figure  3-21  that 
a  1  5  db  margin  is  required;  for  99  percent,  20  db  becomes  necessary. 

In  a  link  containing  a  relay,  if  the  relay  involves  a  limiting 
process,  the  signal  power  will  remain  constant  at  the  demodulator  inputs 
while  the  noise  powers  add  for  the  uplink  and  for  the  downlink.  By  convolving 
the  single  link  loss  distribution  of  Figure  3-21  with  itself  (using  a  numeri¬ 
cal  process  employing  a  Stieltjes  diagram’ll)  the  distribution  of  the  signal  var¬ 
iations  for  two  tandem  links  with  equal  median  power  may  be  obtained.  Since 
the  signal  level  is  held  constant,  this  distribution  (Figure  3-22)  may  be 
used  to  determine  the  margin  required  on  each  of  two  tandem  links  for  a  par¬ 
ticular  probability  of  the  link  being  satisfactory.  For  e.xample,  if  the  desired 
reliability  is  90%  then  a  margin  of  9.  5  db  must  be  provided  for  each  link  of 
two  tandem  links. 

Both  of  these  curves  (Figures  3-21  and  3-22)  should  be  re¬ 
vised  when  the  data  from  the  SRI  airborne  XELEDOP  tests  becomes  available. 

3.  3.  3.  2  Variability  for  UHF  Multichannel  Communication 

In  this  section,  the  multichannel  relay  is  assumed  to  be  free  of 
the  jungle  canopy.  Tlie  slant  range  to  the  platform,  as  shown  in  Figure  3-10 
has  been  computed  for  different  elevation  angles  and  platform  altitudes.  While 


*  By  Stieljtes  diagram  is  meant,  for  random  variables  x,  y,  a 
planar  plot  on  x-y  coordinates  of  equal  Stieltjes  probability  measures 
dP^ (.x)dP2(y).  This  unit  measure  is  usually  taken  as  1%  but  may,  of  course, 
be  taken  larger  or  smaller  to  suit  circumstances  and  convenience. 
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the  range  increases  considerably  at  angles  below  1°,  the  probability  of  outage 
due  to  earth  bulge  fading  increases  significantly.  At  these  angles  an  addi- 
tio’ial  margin  is  required  to  provide  the  desired  long-term  reliability.  Lack¬ 
ing  detailed  meteorological  data  for  specific  paths,  the  CCIR  procedures  for 
earth  space  links  are  used.  A  frequency  of  2  GHz  has  been  chosen  as  typical 
for  this  application.  Figure  3-23  indicates  that  an  allowance  of  12  db  is 
required  for  a  median  level  reliability  of  99%  at  a  zero  takeoff  and  a  slant 
range  of  300  km.  Allowances  for  long-term  effects  are  sharply  reduced  if 
elevation  angles  significantly  below  .03  radians  (1.  7  degrees)  are  not  used. 

For  angles  above  this,  a  monthly  median  reliability  of  99%  is  obtainable  at  a 
slant  range  of  300  km  with  a  margin  of  6  db. 

The  proceeding  analysis  has  demonstrated  that  the  effective 
communications  range  of  the  relay  is  a  function  of  platform  altitude.  For  a 
given  slant  range,  the  required  long-term  margin  is  less  at  the  higher  altitudes 
or  angles.  Exclusive  of  jungle  considerations,  the  total  path  loss,  including 
allowances  for  both  long  and  short  term  fade  margins,  is  shown  in  Table  3-1. 
These  values  have  been  calculated  to  include  the  effects  of  platform  altitude, 
but  exclude  antenna  gain  considerations.  The  required  fade  margin  for  99.99% 
interference  reliability  can  be  reduced  by  some  20  db  by  the  use  of  frequency 
diversity  with  a  5%  frequency  separation.  Space  diversity  may  also  be  used 
to  improve  the  situation. 

3.  3.  4  Propagation  Implications  for  Relay  Design 

3. 3.  4.  1  Introduction 

The  primary  reason  for  examining  the  air-to-ground  path  loss 
is,  of  course,  to  define  the  necessary  relay  power  output,  receiver  sensitivity, 
and  antenna  gain  for  a  given  communications  requirement  based  on  analysis 
of  the  tactical  problems.  Conversely,  for  bounded  relay  parameters,  the 
range  for  a  given  probability  of  satisfactory  service  may  be  determined. 

Those  relay  configurations  in  which  broadband  receivers 
(covering  more  than  one  RF  channel)  are  used  will  be  e.xposed  to  signals  of 
different  levels,  depending  on  the  range  and  jungle  absorption  or  re- radiation 
of  particular  emitters.  It  is  necessary  to  evaluate  the  distribution  of  ampli¬ 
tude  differences  as  a  means  of  determining  relay  dynamic  range  requirements. 

In  increasing  the  range  of  tactical  radio  sets,  the  relay  will 
extend  the  area  over  which  co-channel  interference  will  be  experienced.  This 
is  an  inevitable  price  to  be  paid  for  increasing  the  range,  but  must  be  evalu¬ 
ated  to  determine  the  extent  to  which  frequency  allocations  must  be  changed. 
The  interference  analysis  is  also  applicable  to  the  evaluation  of  jamming  sus¬ 
ceptibility. 
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NO  ALLOWANCE  HAS  BEEN  MADE  FOR  GROUND  REFLECTION 
Figure  3-23-  Standard  CCER  Propagation  Curves  for  Earth -Space  Links -2  GHz 
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Table  3-1.  Path  Loss  for 


3. 3. 4.2 


Service  Range 

VHF -FM  Service  Range 


3. 3. 4.2.  1 


While  the  relay  transmitter  power  output  is  much  more 
readily  increased  than  the  transceiver  power  output,  it  is  still  subject  to 
limitations  due  to  interference  and  platform  power  supply  restrictions.  The 
uplink  from  a  transceiver  to  the  relay  is  the  limitation  on  overall  system 
performance,  since  the  relay  receiver  noise  temperature  is  determined  by 
external  noise  at  the  30-70  MHz  frequency  band.  Directive  antennas  at 
either  the  ground  or  the  relay  do  not  appear  to  be  practical  from  a  physical 
size  standpoint,  and  transceiver  power  output  is  limited  by  battery  weight 
and  life. 


The  following  factors  must  be  considered  in  estimating  the 
total  path  loss,  and  thus  the  range  for  a  given  equipment  configuration; 

a.  systematic  loss  component  (slab  model) 

b.  jungle  loss  variability 

c.  platform  antenna  pattern  Vririability 

d.  atmospheric  variability 

e.  loss  due  to  electrically  short  antennas. 

Of  these  factors,  (a)  has  been  analyzed  earlier  in  this  section  of  the  report, 
(b)  and  (d)  are  combined  in  the  experimental  variability  factor,  and  (c)  has 
been  neglected  for  the  time  being.  The  PRC -25  3 -foot  whip  antenna  is  less 
than  a  quarter  wavelength  at  all  operating  frequencies,  and  the  10-foot  whip 
is  a  quarter  wavelength  at  24.  6  MHz.  The  possible  variety  of  antenna 
patterns  available  at  various  frequencies,  heights  above  the  ground,  etc., 
make  the  antenna  gain  indeterminate,  so  the  half-wave  dipole  pattern  has 
been  assumed  in  the  computation  of  path  loss  contours,  and  the  antemia's 
lobe  structure  has  been  absorbed  into  the  variability  terms. 

In  regard  to  the  variety  of  antenna  patterns,  it  may  be  noted 
that  pack-set  operators  often  bend  the  3-foot  whip  forward  across  their 
shoulders  or  tuck  the  end  of  the  whip  under  their  belts  to  reduce  their  visi¬ 
bility  to  the  enemy. 

If  the  repeater -receiver  sensitivity  is  equal  to  that  of  the 
PRC -25,  a  signal  level  of  -113  dbm  provides  a  10  db  audio  signal-to-noise 
ratio.  We  will  assume  the  uplink  and  downlink  to  have  identical  parameters. 
With  an  output  power  of  1  watt  (+30  dbm)  at  76  MHz,  and  a  -113  dbm  mini¬ 
mum  received  signal,  the  path  loss  must  be  less  than  143  db.  This  budget 
assumes  equal  median  signal-to-noise  ratios  for  the  uplink  and  do\vnlink. 
With  a  median  signal-to-noise  ratio  of  10  db  at  the  receiver.  The  variability 
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factor  indicates  that  a  margin  of  9.  5  db  must  be  provided  cn  each  link  to 
give  a  net  90*rc  probability  of  a  10  db  or  greater  signal-to-noise  ratio. 
Subtracting  the  margin  requirement  from  the  143  db  "threshold"  path  loss 
leaves  133.  5  db  as  a  per -link  allowable  path  loss.  If  the  uplink  and  down¬ 
link  path  loss  medians  are  not  equal,  the  margin  should  be  re-evaluated. 

Figures  3-24  and  3-25  show  the  probability  that  the  re¬ 
ceived  signal  exceeds  a  specified  path  loss  through  the  jungle  canopy  at 
various  ground  distances.  These  curves  were  prepared  for  a  3  km  relay 
height  and  a  jungle  canopy  height  of  20  meters.  At  76  MHz,  a  143  db  thres¬ 
hold  is  shown  on  Figure  3-25  to  yield  a  ground  range  to  130  km  for  50% 
probability.  The  distance  decreases  to  50  km  as  the  requirements  are 
raised  to  90%  for  the  same  allowed  loss.  At  a  given  ground  distance  the  pro¬ 
bability  that  the  received  signal  exceeds  a  specified  loss  increases  signifi¬ 
cantly  as  the  allowed  loss  is  increased.  That  is,  Figure  3-25  illustrates 
that  an  allowed  loss  of  143  db  yields  a  60%  probability  at  100  km;  however, 
increasing  the  power  10  db  so  that  the  allowed  loss  is  153  db  increases  the 
probability  to  95%,  Note  that  the  ranges  are  computed  from  the  pack-set 
terminal  to  a  point  below  the  relay,  so  that  the  overall  circuit  length  may 
be  as  much  as  twice  this  amount.  An  increase  in  canopy  height  or  in  per¬ 
mittivity  will  reduce  the  reliability  for  a  given  range. 

3,  3,  4.  2,  2  UHF  AM  Service  Range 

A  UHF  relay-augmented  tactical  network  would  not  be  feasible 
in  an  area  characterized  by  jvingle  foliage,  but  may  be  useful  in  grassland 
or  desert  areas.  The  applicability  of  the  previously  employed  propagation 
model  to  describe  UHF  propagation  is  questionable,  so  in  the  example  to 
follow,  we  have  simply  computed  the  free-space  path  loss,  and  assumed 
isotropic  antennas.  The  assumed  terminals  are  AN/PRC -66  transceivers, 
and  the  relay  is  the  AN/ARC -97.  Both  of  these  equipments  are  described 
in  more  detail  in  Section  3.4  of  this  report.  The  ARC -97  receiver  is  rather 
insensitive  (  5  Mv  for  10  db  S+N/N)  so  the  up-link  limits  system  performance. 
The  PRC -66  output  power  is  2  watts,  +3  dbw,  so  a  maximum  loss  from  trans¬ 
mitter  to  receiver  of  +3-(-123)  =  126  db  can  be  tolerated.  This  corresponds 
to  a  free  space  range  of  212  km  at  225  MHz  or  119  km  at  400  MHz.  No  allow¬ 
ance  has  been  included  for  platform  antenna  pattern  irregularities,  etc.  While 
military  operations  in  open  country  might  be  expected  to  be  spread  over  larger 
areas,  the  relay  range  seems  to  be  adequate  for  many  operations. 

3.  3.  4. 2.  3  Multichannel  UHF  Relay  Service  Range 

The  FM  multichannel  relay  circuit  is  assumed  to  use  terminals 
with  line -of-sight  clearance  to  the  relay  platform.  The  range  example  con¬ 
cerns  a  relay  link  for  12  voice  channels.  The  AN/ARC -89(V)  receiver 
(the  AN/ARR-71)  recommended  for  the  interim  time  frame  multi- 
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channel  relay  is  specified  to  give  less  than  38  dbaO  intermodulation  dis¬ 
tortion,  so  setting  the  voice  channel  thermal  noise  equal  to  this,  we  re¬ 
quire  an  unweighted  test  tone  to  noise  ratio  of  44  db.  The  rms  test  tone 
to  thermal  noise  ratio  in  3  kHz  is  given  by: 


S/N 

where  S 
N 
C 
n 

Q 

B 

b 

tf 

{ 


(C/n^)  (1/b)  (M/f)^ 

rms  test  tone  level 
rms  noise  power  in  3  kHz 
received  carrier  level 
noise  power  density 
IF  bandwidth 

channel  bandwidth  =  3  kHz 
rms  test  tone  deviation 
top  baseband  frequency 


The  ratio  Af/f  is  the  rms  modulation  index,  which  is  specified  as  unity  for 
the  AN/ART-47. 


The  noise  power  density  may  be  computed  from  the  receiver 
noise  figure,  8  db,  plus  an  allowance  of  perhaps  2  db  for  diplexing  filter  and 
feed  line  losses.  The  noise  power  density  is  given  by 

n  =kT 

where  n  is  the  power  density,  watts /Hz 

k  is  the  Boltzman's  constant,  watts/Hz/°K 
T  is  the  noise  temperature,  °K 

The  net  noise  figure  of  10  db  corresponds  to  a  noise  temperature  of  2600° 

K,  or  34.  1  db  above  1°K.  Boltzman's  constant  may  be  given  as  -228.  6  dbw 
per  °K  per  Hz,  so  the  noise  power  density  is  -184.  5  dbw  per  Hz. 

Returning  to  the  equation  .above  for  the  test  tone  to  noise  ratio, 
which  may  be  expressed  in  decibels  as: 

S/N  =  44  =  C  +  184.  5-34.  8  =  C  +  149.7 
C  =  -105.  7  dbw 


A  concurrent  condition  is  that  the  carrier  to  noise  power  ratio  in  the  receiver 
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r 


IF  bandwidth,  500  kHz,  be  above  threshold,  so 


C/N.,  =  -105.  7  +  184.  5  -  57  =  21.  8  db 
if 


which  is  safely  above  threshold. 


of : 


At  400  MHz,  the  carrier  level  of  -105.  7  dbw  gives  a  range 

Effective  Radiated  Power  (ERP) 

11.5  km  for  1  watt 

36.3  10 

115  100 

363  1,  000 


where  the  power  requirements  may  be  reduced  or  the  range  extended  by 
means  of  antenna  directivity.  A  modest  10  db  antenna  gain  at  tlie  ground 
(corresponding  to  a  half -power  beamwidth  of  roughly  45°)  would  supply 
additional  fading  margin  or  range. 

3.3.4.  3  Distribution  of  Signal  Levels 

In  those  relay  configurations  requiring  the  use  of  multichannel 
amplifiers,  the  distribution  of  signal  levels  will  determine  the  dynamic  range 
requirements  of  the  relay.  With  equal  channel  spacing  in  the  frequency  spec¬ 
trum,  intermodulation  products  will  fi.ll  at  the  same  intervals.  Channel 
occupancy  is  variable,  so  whether  a  particular  uitermodulation  product  is 
produced  or  whether  it  falls  in  an  occupied  channel  is  probabilistic. 

The  distribution  of  relay  users  within  the  service  area  must 
be  modified  by  the  previously  derived  path  loss  relations  to  obtain  a 
distribution  of  received  power  levels.  A  further  correction  required  is  to 
convolve  this  distribution  with  the  distribution  of  path  loss  variability.  The 
resulting  distribution  will  give  estimates  of  the  percentage  of  signals  occuring 
within  specified  power  ranges,  for  a  given  relay  altitude  and  set  of  jungle 
parameters. 


Looking  at  the  problem  in  a  more  realistic  way,  the  maximum 
signal  power  at  the  relay  will  be  from  transceivers  operating  in  clear  areas 
more  or  less  below  the  relay.  Since  vertical  dipoles  are  assumed  in  the  path 
loss  computation,  excessively  high  loss  values  are  associated  with  this  re¬ 
gion.  In  practice,  neither  the  transceiver  whip  nor  the  relay  antenna  will  be 
quite  vertical,  and  there  will  be  some  depolarization  by  re -radiation  from  the 
foliage,  so  there  will  be  relatively  little  attenuation  due  to  the  antenna  patterns 
Free  space  attenuation  for  a  relay  altitude  of  3  km,  at  76  MHz,  will  be  approxi 
mately  80  db,  compared  with  the  path  loss  of  133.  5  db  allowed  for  minimum 
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signal  quality-  ir  paragraph  3.  3.  4.2  above.  A  range  of  signal  power  of  the 
order  of  50  db  is  thus  indicated.  Accordingly  the  relay  should  be  capable  of 
handling  signals  which  differ  in  level  by  at  least  50  db. 

3.3.4. 4  Interference 


There  are  several  categories  of  interference  to  be  considered 
ir.  high  altitude  relay  networks: 

1.  Existing  interference  to  VHF  Cormnunications  from 

various  radio  services. 

2.  Interference  introduced  by  high  altitude  relays  by 

virtue  of  extended  range, 

3.  Self-interference  in  ground-relay-ground  system. 

It  was  noted  at  the  ARPA/AGILE  Colloquium  (March,  1967)  that  VHF  fre¬ 
quency  assignments  in  Viet  Nam  are  rather  extensive.  Tactical  VHF 
equipment  operates  in  a  relatively  narrow  portion  of  the  nominal  30-76 
MHz  frequency  range,  and  frequencies  are  reused  by  alternate  Corps  areas. 
It  is  reasonable  to  expect  that  this  situation  will  obtain  in  other  limited  war¬ 
fare  or  counterinsurgency  operations.  Interference  from  taxi  and  police 
radios,  television  broadcast  stations,  and  other  sources  will  be  experienced 
almost  anywhere.  The  high  altitude  relay  receiver  is  particularly  vulnerable 
to  long-range  interferences.  The  only  alternative  is  the  availability  of  a 
number  of  channels,  such  that  interference  may  be  avoided.  Protection 
through  shaping  of  the  antexma  pattern  may  be  feasible  at  UHF  or  microwave 
frequencies,  but  the  platform  dimensions  are  comparable  to  a  wavelength 
in  the  30-76MHz  range.  The  presence  of  exlernal  interference,  as  in  the 
case  of  jamming,  provides  an  argument  against  the  use  of  broadband  am¬ 
plifiers  in  the  receiving  side  of  the  relay. 

In  the  same  manner,  the  interference  between  frequency 
assignment  repetition  areas  is  increased  by  the  relay  transmitters,  and 
relay  platforms  may  have  line-of-sight  paths  between  one  another. 

It  may  be  useful  to  compare  the  ground-to-air  path  loss 
computation  with  the  free  space  loss  between  two  relays  at  3  km  altitude. 
Suppose  that  the  two  relay  platforms  were  separated  by  100  miles  (161  km). 
At  76MHz,  the  free -space  attenuation  between  them  would  be  approximately 
114.  db,  while  the  loss  to  a  ground  station  at  50  miles  (80,  5  km)  range 
would  be  134  db,  (from  Figure  3-14)  with  a  50%  probability  of  exceeding 
this  loss.  Use  of  the  same  channel  at  the  two  relays  is  obviously  impossible. 
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Use  of  adjacent  channels  would  depend  on  the  selectivity’  and  overload  char¬ 
acteristics  of  the  relay  receiver,  and  may  serv'e  to  define  requirements  for 
these  characteristics. 

This  situation  indicates  that  the  number  of  relayed  channels 
should  be  as  small  as  possible,  with  maximum  sharing  of  such  channels  be¬ 
tween  relay  users.  Relays  should  be  used  only  when  necessary  for  particu¬ 
lar  subscribers,  as  indiscriminate  augmentation  of  FM  nets  is  wasteful  of 
channels,  and  F^-F^  relays  may  introduce  multipath  interference.  This 
results  when  the  signal  received  from  the  relay  and  the  signal  received  dir¬ 
ectly  are  of  comparable  amplitude.  Subscribers  with  otherwise  satisfactory 
circuits  may  find  the  circuit  unusable  when  a  relay  is  activated  on  the  channel. 
This  an  argument  against  Fj-Fj^  relay  operation. 

Interference  problems  within  the  relay  include  intermodula¬ 
tion  in  common  amplifiers  and  interference  in  relay  receivers  due  to  relay 
transmitters.  The  first  category  of  interference  is  minimized  by  controlling 
the  power  of  individual  up-link  signals,  either  by  controlling  the  ground 
transmitter  power  output  or  by  separate  AGC  channels  in  the  relay.  Spurious 
responses  in  the  relay  receiver  may  be  minimized  by  proper  receiver  design. 
The  F.-F^  switching  relay  lias  the  advantage  of  synchronized  switching,  so 
that  all  receivers  or  all  transmitters  are  on  at  any  instant. 

3.  3.  4.  5  Jamming  Considerations 

While  the  HARR  study  has  not  required  detailed  consideration 
of  jamming,  the  effects  of  jamming  on  relay  design  and  application  should 
be  discussed. 


Contemporary  guerrilla  tactics  are  aimed  at  decentralized 
military  operations  requiring  minimal  real-time  communications.  Counter¬ 
guerrilla  operations,  on  the  other  hand,  have  depended  heavily  on  inter-unit 
and  intra-unit  radio  communications  for  the  coordination  of  operations.  The 
guerrilla  force  may  therefore  use  broadband  jamming  at  a  minimal  expense 
to  its  own  operations,  provided  that  power  requirements  are  consistent  with 
the  mobility  needed  to  avoid  destruction  of  the  jammer  and  with  portable 
power  sources.  As  guerrilla  tactics  have  proved  difficult  and  expensive  to 
counter,  it  is  logical  to  assume  that  this  form  of  warfare  will  constitute  a 
large  fraction  of  future  limited  warfare  and  counterinsurgency  operations. 

Since  the  supply  of  weapons  for  guerrilla  forces  is  often  from 
countries  with  sophisticated  electronic  technology,  the  jamming  equipment 
encountered  may  be  as  sophisticated  as  available  relays  or  AJ  equipment.  It 
is  not  clear  what  action  would  be  taken  against  a  jammer  operating  outside 
the  boundaries  of  countries  nominally  involved  in  tlie  war. 
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For  the  relati'cly  unsopliis  Ucatecl  relays  we  have  discr.ised 
for  use  with  VHF-FM  single  channel  pack  sets,  several  sorts  of  jammers 
or  combinations  of  these  types  may  be  envisioned: 

1.  CW  Jammer  -  A  continuous  signal  at  the  carrier  frequency 
of  one  or  more  relay  channels. 

2.  Modulated  Jamming  -  Voice,  noise,  or  tone  pattern 
modulators  applied  to  one  or  more  relay  channels. 

3.  Barrage  Jamming  -  Broadband  noise  jamming  of  one  or 
more  relay  channels. 

4.  Fiji  sc  Jamming  -  Keying  of  a  carrier  signal  centered 
among  several  relay  channels. 

A  classified  report  by  the  Research  Analysis  Corp.  (ref.  3.  3-  11)  compares 
quantitatively  tlie  effectiveness  of  these  techniques. 

Since  the  pack-sets'  ERP  (referred  to  the  outside  of  the  jungle 
carrier  will  be  less  than  1  watt,  we  may  say  as  a  rough  approximation  that  the 
ERP  from  the  jammer  must  be  1  watt  plus  the  additional  loss  on  the  path  from 
the  jamming  transmitter,  to  jam  any  single  channel  from  the  ground.  At 
a  platform  at  10,  000  feet  altitude  the  maximum  signal  from  a  1  watt  ERP 
pack-set  is  -72  dbw  (30  MHz,  isotropic  antennas).  Each  relay  channel  could 
then  be  jammed  by  10  w.  ERP  at  10  km  slant  range,  or  1000  w.  ERP  at  100 
km.  If  the  relay  were  at  an  altitude  of  100,  000  feet,  the  maximum  pack- set 
signal  would  be  -92  dbw,  and  jammer  requirements  would  be  100  w.  ERP  at 
100  km.  These  ranges  may  not  be  reasonable  for  particularly  rough  earth 
profiles  between  the  jammer  and  the  relay.  For  a  smooth  earth,  (radius 
corresponding  to  N  =  360,  typical  of  Viet  Nam)  the  horizon  distance  would 
be  244  km  at  10,  008  ft.  and  772  km  at  100,  000  ft. 

The  jammer  may  be  able  to  use  considerably  more  antenna 
gain  than  is  possible  for  an  omnidirectional  pack-set  antenna,  so  that  the 
jamming  transmitter  power  required  may  be  a  good  deal  lower  than  the 
ERP  indicated  above.  Since  the  slant  range  is  nearly  the  same  from  a  syn¬ 
chronous  satellite  to  any  point  where  the  satellite  is  above  the  horizon,  a 
jammer  needs  no  more  power  than  the  1  watt  ERP  per  channel  of  the  desired 
transceiver  signal. 

The  foregoing  discussion  relates  to  relays  with  single  channel 
selectivity.  If  a  broadband  relay  is  employed,  with  peak-power  capability 
adequate  to  provide  satisfactory  intermodulation  performance,  the  jammer 
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can  operate  in  two  ways.  Either  he  may  jam  one  or  more  channels  with 
discrete  jamming  signals  or  noise,  or  he  may  gain  an  additional  advantage 
(beyond  the  J/S  ratio  at  the  relay  receiver)  by  saturating  the  relay.  Unless 
the  entire  relay  passband  is  monitored,  the  presence  of  a  jamming  signal 
may  be  difficult  to  identify  from  the  ground. 

The  susceptibility  to  jamming  must  be  considered  a  weak  point 
of  broadband  relays.  At  the  expense  of  added  relay  complexity  and  less 
flexibility  of  channel  assignment,  the  separate  channel  approach  offers  some 
protection  against  narrow -band  jamming  modes  and  provides  up-link  power 
control.  In  either  case,  broadband  monitoring  facilities  should  be  provided 
to  identify  jamming  so  that  appropriate  countermeasures  may  be  initiated. 
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RELAY  APPLICATION  OF  CONTEMPORARY  EQUIPMENT 
Eqv;ipir.ent  Confipurations 

In  applying  contemporary  equipment  to  the  initial  or  interim 
time  frame  relay  requirements,  it  is  anticipated  that  only  limited  modifica¬ 
tions  or  replacement  of  tactical  radio  equipment  can  be  undertaken.  Simi¬ 
larly,  the  components  of  the  relay  package  itself  will  have  to  be  available 
from  military  inventory  or  will  have  to  be  substantially  production  status 
military  or  commercial  hardware.  A  limited  amount  of  development  effort 
for  interface  and  control  may  be  undertaken  for  either  the  initial  or  interim 
time  frames. 


3.  4  • 
3.  4.  1 


In  the  following  paragraphs,  the  available  equipment  will  be 
reviewed,  and  its  suitability  for  relay  application  considered.  There  is  a 
limited  number  of  equipments  designed  specifically  for  relay  service,  and 
no  one  equipment  is  capable  of  meeting  the  requirements  of  relaying  several 
simultaneous,  channels  for  FM  tactical  networks.  We  have  therefore  con¬ 
sidered  a  multi-transceiver  assembly,  of  either  the  frequency  translating 
(F^-F^)  or  common  frequency  switched  (F^-F^)  variety,  similar  to  the  block 
diagrams  in  Figures  3-2  and  3-4. 

The  constrained  to  use  one  moderately  narrow 

(perhaps  10%)  frequency  range  for  up-link  operation,  and  another  such  range 
separated  by  another  10%  for  transmitting.  This  arrangement  permits  use 
of  a  common  antenna  on  the  airborne  platform,  by  means  of  a  passive  re¬ 
ceiver  and  transmitter  multicoupler  and  diplexing  filter.  Experience  with 
the  AN/PRC-25"'  suggests  that  it  will  be  necessary  to  shield  separately  each 
transceiver  in  the  relay  package,  since  stray  radiation  from  the  battery  and 
interconnecting  cables  produces  a  welter  of  spurious  responses.  The  rf  sen¬ 
sitivity  of  the  battery  cable  'indicates  the  need  for  caution  in  decoupling  the 
common  power  supply  shown  in  Figure  3-2.  The  spurious  output/response 
situation  has  been  improved  in  the  later  AN/PRC-77. 

The  corresponding  F^-F^  relay  package  shown  "in  Figure  3-4 
is  predicated  on  the  use  of  low-frequency  (e.  g.  10  Hz)  commutation.  This 
configuration  requires  the  development  of  a  multi-channel  time  delay  to 


*  Measurements  by  Page  Communications  Engineers,  Inc.  showed 
that  236  receiver  channels  out  of  420  were  interfered  with  by  a  nearby  AN/ 
PRC-25  transmitting  at  33. 05  MHz.  The  PRC-25  operator's  manual  (ref.  3.  4-2) 
indicates  only  14  such  responses.  The  need  for  care  in  shielding  units  em¬ 
ployed  in  relay  evaluation  can  not  be  overemphasized.  (See  Appendix,  Section 
5-1). 
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store  alternate  50  ms  samples  from  each  relay'  channel.  For  the  interim 
time  frame  requirement,  this  may  probably  be  realized  most  easily  by  a 
multichannel  magnetic  drum  or  tape  loop.  Digital  storage  requires  a  com¬ 
mutator,  A-D  converter,  perhaps  1800  bits  of  storage  capacity  per  relay 
channel,  a  D-A  converter,  and  a  decommutator.  Storage  requirements  are 
based  on  6  bits  x  6000  samples  per  second  x  50  ms/1  sec.  Some  further  re¬ 
duction  in  quantizing  levels  or  sampling  rate  may  be  possible  before  a  notice¬ 
able  degradation  in  intelligibility  results.  Since  the  channels  are  switched 
synchronously,  all  receivers  are  on  simultaneously,  or  all  transmitters.  The 
problems  of  shielding  and  isolation  are  therefore  minimized,  and  the  relay 
package  itself  does  not  constrain  channel  selection.  Some  constraint  is  to  be 
expected  from  the  platform  antenna. 

For  application  in  manned  platforms,  the  use  of  a  relay  switch¬ 
board  operator  appears  to  be  desirable,  on  the  basis  of  the  discussion  in  Para¬ 
graph  3.  2.  2.  Such  a  switchboard  was  indicated  in  Figures  3-2  and  3-4  as 
supervisory  equipment.  The  operator  has  the  capability  of  changing  relay  chan¬ 
nel  frequencies  or  of  assigning  relay  channels  on  the  basis  of  message  priority. 
He  may  also  monitor  traffic  to  detect  '  nauthorized  vise  of  the  relay  or  jamming. 

In  a  multichannel  UHF  or  SHF  relay  application,  the  relay  plat¬ 
form  would  not  necessarily  perform  any  demodulation  of  up-link  information, 
so  the  only  contact  between  the  ground  and  relay  platform  itself  would  be  a 
supervisory  channel,  probably  at  UHF,  to  coordinate  platform  operational 
functions. 

3.  4.  2  VHF  -  FM  Relay  Equipment 

3.  4,  2,  1  General 

The  following  paragraphs  review  available  equipment  for  appli¬ 
cation  in  the  context  of  30  to  76  MHz  tactical  FM  network  relaying,  where 
associated  ground  terminals  are  AN/PRC-25  or  equipments 
of  the  same  general  nature.  The  equipment  description  is  summarized  in 
Table  3-2,  The  weight,  bulk,  and  power  consumption,  and  cost  of  multiple- 
channel  combinations  of  units  will  b®  roughly  proportional  to  the  number  of 
relay  channels,  although  some  economics  can  be  realized  in  the  area  of  equip¬ 
ment  common  to  all  units. 

The  equipment  status  is  described  as  developmental,  pro¬ 
duction,  Standard  A  or  Standard  B  as  applicable.  The  Standard  A  and  B  de¬ 
signations  are  defined  as  follows  (ref.  3.4-7): 

1.  Standard  A:  Items  that  have  been  adopted  as  suitable 
for  U.  S.  Armyuse,  which  are  acceptable  as  assets  to  meet 
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3)  Including  battery 


operational  requirements,  authorized  in  equipment  docu¬ 
ments,  and  described  in  published  adopted  item  lists. 

2.  Standard  B:  Items  which  hav'e  limited  acceptability 

to  fill  operational  requirements.  These  items  are  normally 
used  and  issued  as  a  substitution  for  STD  A  items. 

These  ratings  are  continually  in  a  state  of  flux,  and  items  listed  in  one  cate¬ 
gory  may  have  progressed  to  another. 

3.4. 2.2  AN/PRC-25 

The  PRC -25  (ref.  3.4-1)  is  a  lightweight  pack-set  radio 
which  tunes  from  30  to  76  MHz  in  50  kHz  synthesized  steps.  The  receiver  and 
transmitter  are  tuned  simultaneously.  An  adjustable  frequency  control  detent 
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provides  two  preset  channels.  The  unit  is  solid-state  except  for  the  trans¬ 
mitter  outpiit  stage.  A  tone-operated  squelch  provides  receiver  quieting. 

The  AN/PRC-25  transceiver  is  intended  to  function  as  a  F^-F^ 
relay  terminal  by  connecting  two  PRC-25  units  with  the  MK-456/GRC  inter¬ 
connecting  cable.  The  squelch  of  one  receiver  activates  the  transmitter  in  the 
other  unit.  The  operator's  manual  (ref.  3.4-2)  shows  six  pages  of  frequency 
charts  illustrating  the  combinations  of  frequencies  for  which  two  transceivers 
can  not  be  used.  For  a  typical  frequency  of  33.05  MHz,  the  PRC-25  manual 
lists  14  channels  (out  of  420)  on  which  the  relay  will  not  operate.  Measure¬ 
ments  at  Page  Communications  Engineers,  Inc.  indicate  that  the  number  of 
channels  on  which  interference  is  observed  is  closer  to  236. 


For  application  as  a  multi-channel  F  -F  relay  component,  the 
PRC-25  will  have  to  be  enclosed  in  an  external  shieldea  enclosure,  and  out¬ 
board  power  filtering,  RF  filters,  and  hybrid  networks  will  be  required.  The 
receivers  may  be  isolated  by  resistive  dividers  following  a  preamplifier  which 
makes  up  for  the  divider  loss.  It  will  be  necessary  to  isolate  the  receiver  in¬ 
put  and  transmitter  output  connections  in  the  transceivers.  Transmitter  com¬ 
bining  may  use  reactive  hybrids  lo  minimize  power  losses. 


A  high-speed  commutated  F^-F^  relay  package  has  been  de¬ 
monstrated  by  Motorola,  using  a  rather  extensively  modified  PRC-25  (ref. 

3.  4-3).  Modification  for  low-speed  commutation  would  require  essentially 
the  same  changes,  with  the  addition  of  a  multi-channel  storage  device. 


3.4.  2.  3  AN/PRC-77 


The  PRC-77  (ref.  3.  4-4)  is  a  more  recent  version  of  the  AN/ 
PRC-25,  with  a  solid-state  transmitter  power  amplifier.  The  same  con¬ 
siderations  apply  to  its  incorporation  in  a  relay  package  as  for  the  PRC-25. 

3.4.  2.  4  AN/PRC-70 


The  PRC-70  (ref.  3.  4-5)  is  a  higher-power  transceiver  for  HF 
and  VHF  use  in  SSB,  AM,  FM,  CW  modes.  The  frequency  synthesizer  provides 
tuning  in  I  kHz  increments,  with  continuous  interpolation  available.  The 
transmit  and  receive  frequencies  are  identical.  No  provision  for  relay  use  is 
indicated. 

3.4.  2.  5  AN/PRC-72 

The  PRC-72  (ref.  3.  4-6)  is  a  modular  transceiver  employing 
plug-in  subassemblies  for  HF,  VHF,  and  UHF  use.  The  VHF  -  FM  unit  tunes 
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from  38-50  MHz,  restricting  its  applicability  to  relay  use.  Interconnections 
for  F  -F  relay  use  are  incorporated,  presumably  in  a  manner  similar  to 
the  pi^C-Z5. 

3.4.  2.6  AN/PRR-9  and  AN/PRT-4 


The  PRR-9  and  PRT-4  (refs.  3,  4-7,  3.  4-8,  and  3,  4-9)  are 
ultra-miniature  units  designed  for  intrasquad  and  platoon  communication. 
The  transmitters  provide  two  channels  (separated  by  less  than  1  MHz)  while 
the  receiver  is  preset  to  a  single  frequency  between  47  and  57  MHz,  The 
receiver  is  of  particular  interest  as  a  means  of  providing  a  second  receiver 
channel  for  a  PRC-25  or  PRC-77  used  with  a 

3,4,  2.  7  AM-4306 


The  AM-4306  (ref,  3.  4-10)  is  an  outboard  solid-state  power 
amplifier  for  use  with  the  PRC-25  and  presumably  with  the  PRC- 77,  Th  j 
25  w.  power  output  is  available  over  the  30-76  MHz  PRC-25  tuning  range. 
Tuning  is  broadband,  in  two  ranges,  so  little  suppression  of  spurious  out¬ 
put  products  from  the  associated  transceiver  is  to  be  expected, 

3.4,  2,  8  AN/ARC-44 


The  ARC-44  (ref,  3,4-7)  is  an  aircraft  VHF  -  FM  transceiver 
compatible  with  the  PRC-25  over  the  30-51,  9  MHz  portion  of  its  tuning  range, 
on  alternate  PRC-25  channels.  Provision  is  made  for  single-channel 
relay  application.  This  is  an  older  equipment  in  standard  B  status. 

3.4.2,  9  AN/ARC-54 


The  ARC-54  (ref.  3.4-11)  is  a  replacement  for  the  ARC-44, 
tuning  30-69.  95  MHz  in  50  kHz  spacing,  and  is  designed  for  compatibility 
with  the  PRC-25  and  VRC-12  families.  Useful  range  is  listed  as  25  miles 
at  an  altitude  of  500  ft.  The  receiver  sensitivity  is  apparently  7  db  worse 
than  the  PRC-25,  possibly  as  a  compromise  with  dynamic  range  require¬ 
ments. 

3.4,2.10  AN/ARC-114 


The  ARC-114  (ref.  3,4-7)  is  a  completely  solid-state  replace¬ 
ment  for  the  ARC-54  for  application  in  the  LOH  and  other  fixed  and  rotary 
wing  aircraft.  Provisions  for  single-channel  relay  operation  are  incorporated. 
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3.  4.  2.  11 


AT-430 


The  AT-430  (ref.  3.  4-12)  is  an  airborne  version  of  the  AN/ 
PRC-70,  with  similar  performance  specifications, 

3.  4.  2.  12  Selection  of  VHF  -  FM  Relay  Equipment 

On  the  basis  of  our  review  of  the  available  equipment,  we 
feel  that  the  following  equipments  offer  thi  greatest  prospect  of  adaptability 
to  multiple-channel  relay  operations: 

1.  AN/ARC- 114,  which  is  designed  for  airborne 
application,  has  sufficient  power  output  to  com¬ 
pensate  for  hybrid  losses,  and  is  physically 
compact. 

2.  AN/PRC- 77,  the  all  solid-state  version  of  the  AN/ 
PRC-25. 

3.  AN/PRC-25,  relatively  inexpensive  and  available. 

The  other  units  considered  have  either  reduced  or  excessive 
versatility,  or  excessive  weight,  bulk,  or  power  requirements.  Interface 
problems  in  adapting  the  PRC-25  and  PRC-77  to  airborne  use  tend  to  point 
toward  the  ARC- 114  for  the  initial  and  interim  time-frame  applications.  It 
may  not  be  safe  to  assume  that  the  ARC- 114  is  completely  free  of  the  spuri¬ 
ous  response  and  RF  leakage  problems  which  have  been  noted  in  the  PRC-25, 
so  some  additional  filtering  and  shielding  may  be  required  for  ^^"^2 
tiple-channel  relay  operation. 

The  prior  work  in  modifying  the  PRC-25  and  PRC-77  for 
F^-F  commutated  switching  may  possibly  reduce  development  time  in¬ 
volved  in  producing  an  F^-F^  switched  relay  for  the  interim  time  frame. 

3.4.3  UHF  -  AM  Relay 

3.  4.  3.  1  General 


In  areas  where  foliage  attenuation  is  not  a  factor  in  the  ground- 
to- relay  power  budget,  there  may  be  some  significant  frequency  allocation 
advantages  in  the  use  of  UHF  relaying  for  tactical  communications.  There 
is  a  limited  number  of  UHF  pack-set  transceiver  equipments,  there  are  more 
vehicular  and  airborne  transceivers,  as  well  as  ojie  equipment  specifically 
designed  as  an  airborne  relay,  the  AN/ARC-97.  The  following  paragraphs 
describe  the  equipment  summarized  in  Table  3-3. 
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Table  3-3.  UHF  -  AM  Equipment  Summary  (Sheet  Z  of  Z) 


3.  4.  3.  2 


AN/PRC-66 


The  PRC-66  (ref.  3.4-13)  is  a  developmental  UHF  -  AM 
transceiver  employing  thin-film  and  integrated  circuit  techniques  in  the 
interest  of  size,  weight  and  power  savings.  The  PRC-66  uses  a  frequency 
synthesizer  to  select  any  of  the  3500  channels  in  50  kHz  steps. 

3.4.  3.3  AN/PRC-71 


The  PRC-71  (ref.  3.4-14)  is  a  UHF  -  AM  transceiver  under 
development  by  Sylvania.  The  specifications  listed  in  Table  3-3  are  based 
on  a  report  of  an  adaptation  of  this  equipment,  so  actual  pack- 

set  parameters  may  differ  somewhat.  In  the  balloon  and  drone-borne  relay 
applications,  the  modified  transceiver  operated  at  external  temperatures  of 
-76°C  and  an  altitude  of  80,  000  ft. 

3.4.  3.4  AN/PRC-72 


The  PRC-72  (ref.  3.4-6)  was  previously  mention-  i  under  VHF 
relay  equipment.  Oiie  module  of  the  set  provides  4  preset  channels  between 
240  and  350  MHz,  with  1  watt  output  power. 

3.4.  3.5  AN/ARC-51 


The  ARC-51  (ref.  3.  4-15)  is  an  AM  transceiver  tuning  18  pre 
set  channels  out  of  the  3500  50  kHz  spaced  channels  from  225  to  400  MHz, 
plus  one  guard  channel.  While  this  equipment  is  comparatively  bulky  and  ex 
travagant  of  power,  its  availability  and  aircraft  qualification  may  make  it 
worth  consideration  for  interim  time-frame  application. 

3. 4. 3. 6  AN/ARC-116 


The  ARC-116  (ref.  3.4-7)  is  part  of  the  equipment  designed 
for  use  in  the  LOH,  and  represents  a  substantial  improvement  in  weight, 
bulk,  and  power  consumption  over  the  ARC-51. 

3.4.  3.7  AN/ARC-97 


The  ARC-97  (ref.  3.4-16)  appears  to  be  the  only  equipment 
specifically  designed  as  a  single-channel  Frequency  control  is 

by  changing  crystals  and  transmitter  tuned  lines.  The  ARC-97  includes  two 
receivers  and  two  transmitters  to  permit  unattended  relaying  in  two  direc¬ 
tions.  Whether  more  than  one  ARC-97  can  be  operated  in  a  single  aircraft 
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would  have  to  be  determined,  but  provision  of  an  external  receiver  multi¬ 
coupler,  transmitter  hybrid  network,  and  diplexer  should  permit  stacking 
multiple  numbers  of  channels. 

3.4.  3.8  AN/VRC-24 


The  VRC-24  (ref.  3.  4-7)  is  included  as  an  example  of  a  ve¬ 
hicular  equipment  with  which  a  UHF  -  AM  relay  might  operate.  20  preset 
channels,  with  100  kHz  spacing,  are  available  out  of  the  potential  1750-100 
kHz  spaced  channels.  The  AN/TRC-68  is  a  transportable  version  of  the 
same  equipment,  for  airport  control  use. 

3.4.  3.9  AN/GRC-134 


The  GRC-134  (ref.  3,  4-17)  was  initially  applied  to  the  Marine 
Tactical  Data  System,  and  has  also  been  selected  for  use  in  the  USAF  407L 
program.  One  synthesizer  supplies  both  receiver  and  transmitter,  and  the 
RF  circuits  in  both  are  servo-tuned.  While  nominally  a  fixed  or  mobile 
ground  unit,  the  GRC-134  is  readily  adaptable  to  airborne  use, 

3.4.3.10  AN/ARC-109 


The  ARC-109  (ref.  3.4-18)  is  a  developmental  model  of  an 
aircraft  UHF  transceiver  making  extensive  use  of  microelectronic  techniques 
for  reducing  size  and  weight,  and  increasing  reliability.  The  remote  tuning 
provisions  at  a  binary- uoded  decimal  low-level  interface  could  be  of  use  in 
remote  selection  of  relay  channels  in  an  unattended  relay  platform,  although 
the  power  input  requirements  of  100  watts  receive  and  300  watts  transmit 
would  restrict  its  use  to  the  larger  unattended  platforms,  e.  g.  the  QM-50D 
DASH  drone  helicopter, 

3.4.3.11  Selection  of  UHF  -  AM  Relay  Equipment 

The  choice  of  UHF  -  AM  relay  equipment  is  made  easier  by 
the  availability  of  the  ARC-97.  As  an  alternative,  the  modified  PRC-71  used 
in  the  balloon/drone  borne  relay  tests  appears  to  have  performed  satisfac¬ 
torily  as  a  simple  relay,  and  could  presumably  be  adapted  as  a  half-duplex 
relay  as  in  the  ARC-97.  The  ARC-116  could  presumably  be  modified  as  des¬ 
cribed  for  other  transceivers  in  either  the  switched  modes. 

3.4.4  Multichannel  UHF/SHF  Relay  Eq\iipment 

3.  4.  4.  1  General 
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One  of  the  functions  for  which  the  airborne  platform  relay 
appears  to  offer  a  significant  advantage  is  that  cl  point-to-point  multichannel 
relaying.  This  is  an  alternative  to  the  use  of  tactical  tropospheric  scatter 
or  future  satellite  relay  equipment.  In  comparison  with  the  tropospheric 
scatter  point-to-point  link  the  ground-air-ground  relay  offers  the  following 
advantages: 

a)  Rapidly  deployable. 

b)  Minimal  in  transport  weight  and  POL  requirements. 

c)  Capable  of  operation  over  difficult  terrain. 

d)  Use  of  standard  tropo  scatter  equipment. 

e)  Less  exposure  to  jamming  than  synchronous  satellite 
relay. 

The  relay  system  would  be  applied  to  temporary  use,  as  in  the  transistional 
stages  of  moving  a  division  headquarters,  replacing  damaged  point-to-point 
links,  augmenting  channel  capacity,  or  establishing  multichannel  links  over 
difficult  or  enemy-held  terrain  where  conventional  relay  equipment  could 
not  be  installed. 

At  the  present  time,  the  airborne  relay  may  offer  quicker 
reaction  time  than  satellite  relaying,  for  large  numbers  of  channels.  The 
potentially  higher  power  available  at  an  airborne  platform  eases  the  require¬ 
ments  for  ground  antennas.  Fixed  antennas  aimed  generally  along  the  great- 
circle  point-to-point  path  can  be  sufficiently  non-directive  to  permit  the  plat¬ 
form  considerable  freedom  in  the  choice  of  a  flight  pattern. 

As  an  objective,  the  ground  terminals  should  be  transportable 
by  helicopter.  The  ground  terminal  package  would  include  multiplex  ter¬ 
minal  equipment,  power  generator,  and  antenna  system.  It  would  be  antici¬ 
pated  that  because  of  the  need  for  interfacing  with  telephone  terminal  equip¬ 
ment  or  fixed  relay  links,  the  ground  terminals  would  be  sufficiently  fixed 
in  location  to  permit  installation  of  elevated  antenna  support  structures  or 
clearing  sufficient  foreground  vegetation  to  provide  a  line-of-sight  path  to  the 
platform. 


There  appears  to  be  only  one  area  in  which  the  performance 
of  the  airborne  relay  needs  to  deviate  from  standards  for  point-to-point  r*  lay 
links.  This  relates  to  interruption  of  the  circuit  while  performing  handover 
from  one  platform  to  another. 

Practical  margins  for  fading  protection  may  require  the  use 
of  diversity,  perhaps  through  frequency  separation  or  ground  antenna  spacing. 
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Frequency  diversify  may  provide  a  useful  means  of  overcoming  antenna 
pattern  fluctuations  on  the  platform. 

Interfacing  with  other  systems  at  the  ground  terminals  is 
assumed  to  take  place  at  a  baseband  level,  most  probably  in  baseband  assign¬ 
ment  compatibility  with  groups  as  used  in  the  TRC-24,  TRC-90,  MRC-107, 
or  MRC-85  multiplex  plans,  for  maximum  flexibility  of  application.  No 
monitoring  or  channel  dropping  is  envisioned  at  the  relay  platform,  although 
?.  UHF  order-wire  channel  accessible  to  the  radio  operator  or  pilot  will  be 
necessary  for  handover  coordination. 

The  following  paragraphs  describe  equipment  suitable  for 
multichannel  relaying  requirements.  One  such  equipment,  the  AN/ARC-89{V) 
is  specifically  desiencd  for  multichannel  air  to  ground  relaying,  and  is  an 
apparent  first  choice  for  the  service  considered,  although  the  equipment  is 
not  otherwise  used  for  point-to-point  service.  Table  3-4  summarizes  the 
equipment  characteristics.  As  previously,  the  table  gives  the  weight,  volume, 
and  input  power  requirements  for  one  of  the  two  units  necessary  for  a  duplex 
relay  package. 

3.  4.  4.  2  AN/ARC-89(V) 

The  ARC-S9  is  an  operational  equipment  consisting  of  the  AN/ 
ARR-71  (ref.  3.  4- 19)  and  the  AN/ART-47  (ref.  3.  4-20)  designed  for  UHF 
air  to  ground  relaying  of  a  12  channel  baseband,  and  hi.  ’  "p’-  applied  to  USAF 
airborne  command  post  applications  (ref.  3.4-21).  Two  si.  equipments 
would  provide  full-duplex  relay  operations  at  the  airborne  platform,  while 
similar  equipments  at  the  ground  would  permit  use  of  the  system's  225  to 
400  MHz  tuning  range.  Fixed  frequency  FM  tropospheric  scatter  terminal 
equipment  may  be  compatible  in  the  upper  50  MHz,  such  as  the  low  frequency 
version  of  the  AN/FRC-39(V).  The  GRC-103  should  be  compatible  for  4  chan¬ 
nel  relaying,  using  the  AN/TCC-3  multiplex,  and  possibly  for  12  channel 
FDM  with  the  AN/TCC-7. 

3.4,4.  3  AN/GRC-103 


The  GRC-103  (ref.  3.  3-7)  is  a  UHF  line-of-sight  relay  equip¬ 
ment  capable  of  12  channel  time  division  multiplex  transmission.  This  equip¬ 
ment  is  the  basis  of  tlie  AN/TRC-107,  a  jeep-mounted  12  channel  terminal. 
The  GRC-103  is  to  replace  the  TRC-24  for  forward  area  communications, 
although  the  units  arc  not  entirely  mutually  compatible  in  RF  coverage  or 
modulation  capability.  The  weight  and  power  requirements  of  the  GRC-103 
are  feasible  for  application  in  a  helicopter  platform.  Two  GRC-103  equip¬ 
ments  pius  external  diplexing  filters  woxild  be  required  for  airborne  relay 
application. 
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Table  3-4.  UHF  -  SHF  Mullichannf.  1  Equipment  Summary 


NOTES:  (1)  Nominal,  with  typical  multiplex  equipment. 
(2)  Sensitivity,  |av. 


Table  3-4.  UHF  -  SHF  Multichannel  Equipment  Summary  (Continued) 


Remarks 

LOS 

rn 

Oh  .2 

0  2 
a;  5; 

H  > 

3P  'ajnSi  ^ 

in 

asTOfvI 

. 

. 

•  jAD-a 

siauupit'^ 

^  o 

^  o 

—  o  — 

33TOA  TO 

O'  2  2 

O'  2  2 

jaqiunjyj 

ro  00  ro  f-' 

ro  CO  S  P 

^  ’•t  ^ 

^  ^  CL,  ^  Uh 

ZHIV 

1 

1 

o  o 
o  o 

o  o 
o  o 

•baj  j 

Tt  O 
^  Ifl 

Tt  o 

^  in 

STT^M 

£ 

J«! 

mo 

o 

tn 

J  OMOcJ 

(M 

O 

O 

STT^M 

(S] 

ro 

Tndui 

m 

j  aMOd 

in 

m 

aiun|Oy\ 

ro 

vO 

PO 

•sqi 

in 

TqSiaAY 

r-- 

m 

< 

> 

Q 

sniBTS 

u 

H 

Q 

to 

• 

ro 

«  c 

c  a, 

rt  6 

1 

U 

1 

U 

X  a 

n 

ceI 

a 

•  -  3 
"  cr 

0 

H 

3  U 

2 

2 

s 

< 

< 

107 


NOTE  (3)  Figures  do  not  include  Mux  Equipment. 


3.4.  4.4 


AN/TRC-24 


The  TRC-24  (ref.  3.  4-7)  is  the  basis  of  a  number  of  UHF 
point-to-point  relay  and  terminal  sets.  Various  RF  ranges  are  covered  by 
different  versions  of  the  set,  from  50  to  600  MHz.  12  channel  FDM  capa¬ 
bility  is  available  with  the  AN/TCC-7  multiplex.  The  weight  and  power 
requirements  of  the  TRC-24  do  not  recommend  it  for  airborne  use,  but  it 
may  be  a  potential  ground  terminal  for  ARC -89,  GRC-103,  or  other  relay 
units  in  the  airborne  platform. 

3.4.  4.  5  AN/GRC-66 

The  GRC-66  (ref.  3.  4-7)  is  the  basis  of  a  number  of  SHF 
point-to-point  relay  and  terminal  sets,  with  96  channel  PCM  capability. 

The  low  output  power  in  comparison  with  the  weight  and  power  consumption 
make  this  a  relatively  undesirable  equipment  for  either  ground  or  airborne 
use  with  low -gain  antennas. 

3.4.  4.  6  AN/TRC-29 


The  TRC-29  (ref.  3.4-7)  is  used  as  the  basis  of  the  TRC-38 
terminal  set  and  TRC-39  repeater  set.  Again,  this  equipment  is  not  suit¬ 
able  for  airborne  use  by  reason  of  its  weight,  but  could  possibly  function 
as  a  terminal  of  a  relay  augmented  multichannel  link.  The  TRC-29  is  com 
patible  with  the  1700  to  2400  MHz  version  of  the  GRC-66  and  uses  PPM 
multiplex  equipment. 

3.4.  4.  7  AN/GRC-50 


The  GRC-50  (ref.  3.  4-7)  is  a  relatively  lightweight  forward 
area  relay  set,  compatible  with  the  GRC-66  and  TRC-29  over  a  portion  of 
the  timing  ranges,  from  1750  to  1850  MHz.  The  GRC-50  is  capable  of  24 
channel  PCM  with  the  AN/TCC-54  multiplex.  The  GRC-50  could  possibly 
find  application  as  a  SHF  airborne  relay,  but  may  not  be  compatible  with 
aircraft  shock,  vibration,  and  altitude  requirements. 

3.4.  4.  8  Tropo  Scatter  Equipment 

A  number  of  contemporary  transportable  tropospheric  scatter 
terminals  provide  a  convenient  low-power  interface  between  the  exciter  and 
the  power  amplifier,  typically  at  the  1  to  10  watt  level.  It  may  be  feasible 
to  use  this  equipment  without  the  power  amplifier  in  temporary  airborne 
platform  relay  applications.  There  is  a  decided  logistic  advantage  in  limit¬ 
ing  the  number  of  different  equipment  types  to  be  deployed  in  an  area,  and 
an  advantage  in  not  requiring  different  or  additional  training  for  terminal 
operating  personnel.  Direct  compatibility  at  baseband  or  channel  interfaces 
with  identical  tandem  links  is  a  further  benefit. 
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An  example  of  a  co7itemporary  tropospheric  scatter  system 
which  would  be  compatible  with  this  concept  is  the  AN/MRC-  107,  operating 
in  the  5  gHz  band.  Similar  receivers  and  exciters  are  available  in  the  3S0 
to  450,  755  to  9S5,  1700  to  2400,  2400  to  2700,  4400  to  5000,  and  7500  to 
8500  MHz  bands  (ref.  3,4-22,  23). 

3.  4.  4.  9  TV  Relay  Equipment 

A  potentially  useful  source  of  lightweight  broadband  relay- 
equipment  is  television  relay  equipment,  both  commercial  and  military. 
While  both  systems  listed  provide  bandwidths  in  excess  of  the  requirement 
(12  MHz  baseband  in  comparison  with  120  kHz  for  24  channels)  the  subsid¬ 
iary  benefits  of  weight,  availability,  and  aircraft  compatibility  should  be 
considered. 


Microwave  Associates  Model  MA-2T,  (ref,  3,  4-24)  is  solid 
state  except  for  a  ti'avelling  v'ave  tube  power  amplifier,  providing  15  watts 
output  in  the  2200  to  2300  MHz  range.  RHG  Electronics  Laboratories,  Inc. 
model  FMT/FMR  1900  ATR  (ref.  3.  4-25)  provides  1  watt  output  from  the 
basic  1900-2300  MHz  solid-state  transmitter,  with  external  power  ampli¬ 
fiers  available.  The  RHG  units  are  mounted  in  ATR  cases  compatible 
with  standard  shock  mount  trays,  RHG  indicates  that  100  w.  power 
output  is  available  as  an  option,  and  that  versions  of  the  equipment  from 
0,  7  to  7,  2  GHZ  are  available 

3,  4,  4.  10  Selection  of  UHF/SHF  Multichannel  Equipment 

The  AN/ARC-89  (V)  equipment,  designed  specifically  for 
ground-air-ground  relay  application,  appears  to  be  the  most  logical  choice 
for  initial  or  interim  time  frame  application.  The  RHG  television  relay 
equipment,  again  designed  for  airborne  application,  is  the  next  best  choice, 
although  the  lower  power  and  higher  operating  frequency  restrict  its  range. 
The  use  of  higher-gain  antennas  at  the  ground  would  offset  these  restrictions, 
and  the  development  of  directional  antennas  for  the  platform  would  help  the 
power  budget  and  ease  interference  problems. 

3.  4.  5  Platform  -  Relay  Interfaces 

3.  4.  5.  1  General 


A  number  of  interface  areas  between  the  relay  package  and 
the  high-altitude  platform  must  be  considered  in  the  design  of  a  workable 
system.  The  following  paragraphs  discuss  the  physical,  environmental. 
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and  electrical  interfaces  which  need  to  be  considered. 

3.  4.  5,  2  Physical  Characteristics 

3.4.  5.  2,1  Weight 

The  total  weight  of  a  relay  package  providing  relay  service 
for  6  VHF  FM  channels  using  12  AN/PRC-77  or  AN/PRC-25  transceivers* 
would  be  approximately  320  lbs.  ,  of  which  half  is  an  allowance  for  shock 
mounting,  shield  and  environmental  housing,  interconnecting  wiring  and 
power  RF  filters.  A  12  channel  package  would  perhaps  best  be  two  of  the 
6  channel  packages,  to  facilitate  loading  into  aircraft.  The  alternative 
AN/ARC- 1 14-based  6  channel  relay  package  would  weigh  less  thanl44  lbs. 


*  It  is  assumed  that  the  relay  must  be  compatible  with 
single-frequency  tactical  radio  sets  for  the  initial  and  interim  time  frames, 
as  shown  in  Figure  3,  2-3(a), 
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A  6-channcl  UKF  relay  package  employing  the  AN /ARC -97 
would  total  perhaps  350  lbs.  ,  or  195  lbs.  with  the  AN/ARC -116.  In  each 
case,  75  lbs.  was  allowed  for  mounting,  enclosure,  filtering,  etc. 

If  attended  operation  of  the  6  or  12  channel  VHF  or  UHF  re¬ 
lay  packages  is  desired,  a  small  switchboard  and  an  order  wire  transceiver 
(preferably  AN/ARC-114  or  AN/ARC-116)  would  also  be  required,  possibly 
totalling  an  additional  50  lbs. 

The  12  channel  point-to-point  duplex  relay  package  employ¬ 
ing  the  AN/ARC-89  will  weigh  320  lbs.  plus  an  estimated  100  lbs.  for  di- 
plexing  filters,  and  interconnecting  cables.  Since  the  individual  units  of 
this  assembly  are  designed  for  airborne  application  and  no  on-board 
channel  demodulation  is  planned,  no  additional  shielding  should  be  required, 
and  the  ARR-71  receivers  and  ART-47  transmitters  may  be  mounted  in  a 
lightweight  equipment  rack. 

3.4.  5,2.2  Volume 

The  volume  required  for  some  of  the  more  promising  6  and 
12  channel  relay  packages  is  as  follows: 

1,  The  six  channel  package  made  up  of  12  AN/PRC -25 
or  PRC-77  transceivers  requires  about  3.4  cubic  feet  of 
volume.  Another  100%  should  be  added  for  housings,  shock 
mountings,  etc.  ,  making  total  volume  of  about  6.  8  cubic 
feet. 

2,  The  AN/ARC-114  (or  ARC-116)  6  channel  package 
would  require  0,  9  cubic  feet  of  volume  for  the  transceivers. 
An  additional  100%  of  volume  should  be  added  for  housings, 
shock  mountings,  etc.  ,  making  a  total  of  1.  8  cubic  feet. 


3.  The  AN/ARC-97  6  channel  package  (6  ARC-97's)  re¬ 
quires  2.  6  cubic  feet  for  the  transceivers,  and  an  additional 
volume  for  shock  mounting,  diplexing  filters,  etc.  ,  bringing 
the  total  to  approximately  5  cubic  feet, 

4.  The  AN/ARC-89  components  for  a  duplex  relay  facility 
would  total  5.  3  cubic  feet,  plus  an  allowance  for  diplexing 
filters  and  shock  movinting  to  bring  the  total  to  10  cubic  feet. 

Various  other  factors  in  relay  package  design,  such  as  environmental  pro¬ 
tection  for  the  package  suitable  for  outdoor  storage  prior  to  temporary 
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installation  in  aircraft,  requirements  for  cooling,  etc.  may  enter  into  the 
weight  and  volume  consideration. 


3.  4.  5.2.  3 


Modularit 


In  scaling  relay  physical  parameters  to  a  particular  channel 
capacity,  it  is  evident  that  the  designs  employing  multiple  transceivers  will 
have  common  equipments  which  do  not  change  in  weight  and  dimensions  with 
each  increment  of  channel  capacity.  Common  equipment  in  the  relay  may 
include  diplexing  filters,  receiving  preamplifiers,  power  splitters,  trans¬ 
mitter  summing  networks,  power  regulators  and  supervisory  equipment. 

Of  these,  the  diplexing  filters  are  the  only  significant  items  which  will  not 
increase  strictly  in  proportion  to  channel  capacity,  since  the  filter  require¬ 
ments  are  substantially  the  same  for  any  number  of  channels. 


The  use  of  a  number  of  separate  modules  for  the  relay  may 
improve  the  efficiency  of  use  of  available  space  in  various  platforms,  at 
the  expense  of  increasing  the  number  of  interconnecting  cables  and  the  total 
weight.  A  building-block  approach  to  the  channel  capacity  requirements 
siiggests  that  packages  of  6  transceivers  might  be  a  useful  division. 


3.4.  5.2.4  Spares 

The  use  of  10%  spares  should  bo  adequ''te  for  equipment, 
such  as  the  AN/PRC-25,  with  a  2000  hour  mean  time  between  failures, 
(MTBF).  For  a  system  made  up  of  12  transceiver  equipments  and  with 
missions  averaging  10  hours  in  duration,  a  failure  should  average  only  once 
per  17  missions.  The  more  modern  all-solid  state  cqviipmont  have  a  much 
longer  MTBF,  thus  the  AN/PRC-77,  which  has  a  MTBF  of  25,000  hours, 
should  require  no  airborne  spares  at  all.  A  6  channel  system,  vising  12 
AN/PRC-77  transceivers  should  have  a  failure  occurring  only  once  per 
208  missions  of  10  hours  duration. 

If  the  relay  is  unsupervised,  failure  of  a  particular,  relay 
channel  may  result  in  relay  service  not  being  available  to  a  particular  or¬ 
ganizational  unit  or  detachment.  If  a  relay  operator  is  responsible  for 
assigning  channels,  he  may  ignore  an  inoperative  channel  and  route  traffic 
through  the  remaining  channels,  at  some  increase  in  traffic  density  and 
waiting  time. 

3.  4.  5.  3  Environmental  Factors 

3.  4.  5.  3.  1  Vibration  and  Shock 

The  vibration  and  shock  specifications  for  the  relay  package 
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should  not  have  to  take  exception  to  appropriate  sections  of  MIL-E-5400.  A 
number  of  the  recommended  basic  units  for  the  package  already  meet  such 
specifications,  and  should  not  require  further  proof  of  compliance,  provided 
that  their  mountings  or  enclosures  are  not  appreciably  changed  in  adapting 
them,  to  relay  service. 

The  use  of  pack-set  equipment  as  a  relay  basis,  e.  g.  the 
PRC -77,  iTiay  require  special  testing  to  verify  compliance  with  appropriate 
specifications.  For  application  to  the  initial  and  interim  time  frame  re¬ 
quirements,  however,  it  is  anticipated  that  external  shock  and  vibration 
protection  will  be  used,  rather  than  redesigning  internal  transceiver  com¬ 
ponents, 

3.  4.  5.  3.  2  Temperature  and  Altitude 

Again,  there  should  be  no  exception  to  the  MIL-E-5400 
specifications  for  avionics  equipment  for  the  overall  equipment  package,- 
If  equipment  is  to  be  used  under  extraordinary  conditions,  e.  g.  balloon- 
borne  relay  operation,  *hc  use  of  external  pressurized  containers  may 
permit  application  of  otherwise  unsuitable  low-altitude  equipment.  Cooling 
must  be  given  careful  consideration  in  planning  external  shielding  or  en¬ 
vironmental  protection. 

3.4.  5,4  Platform  Antenna 

3.4,  5.4,  1  Polarization  and  Orientation 

Antennas  for  use  on  the  airborne  platform  should  ideally  be 
circularly  polarized,  to  accommodate  any  ground  antenna  polarization,  and 
to  make  the  system  gain  independent  of  platform  orientation.  Similarly,  an 
ideal  antenna  would  have  an  isotropic  radiation  pattern  with  respect  to  gain 
variation,  but  sharp  cutoff  at  the  horizon  to  minimize  interference  generation 
and  susceptibility.  In  point  of  fact,  both  pattern  and  polarization  are  severely 
constrained  by  the  platform  structure. 

r 

While  the  pack-set  antenna  is  nominally  vertical,  the  actual 
orientation  may  be  at  any  angle,  and,  together  with  re -radiation  by  foliage  will 
tend  to  give  an  elliptically  polarized  signal  or  response.  The  gain  patterns 
of  the  ground  and  platform  antennas  are  relatively  broad,  and  there  may  be 
a  considerable  angle  of  error  before  the  system  gain  is  seriously  affected, 

3 .  4.  5 .  5 .  2  Antenna  Location  and  Mounting 

Several  criteria  for  antenna  locations  should  be  considered: 
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1.  The  antenna  should  be  vertically  or  elliptically  polar¬ 
ized. 

2.  The  antenna  should  be  as  well  isolated  as  is  practical 
from  propellor  or  rotor  blades,  to  avoid  modulation  of  the 
antenna  pattern. 

3.  The  antenna  should  not  degrade  aircraft  performance, 
nor  impede  landmg  and  takeoff. 

4.  The  antenna  should  require  a  minimum  of  airfiame 
modification. 

5.  The  antenna  should  not  disclose  the  special  mission 
of  the  aircraft. 

6.  The  antenna  pattern  should  bo  as  insensitive  as  possi¬ 
ble  to  aircraft  orientations  during  normal  maneuvers  in  pitch 
roll,  or  yaw. 

While  the  weighting  of  these  criteria  is  subject  to  some  question,  there  are 
several  useful  observations  which  may  be  made  concerning  potential  antennas 
and  locations. 


For  the  UH-ID  helicopter,  a  whip  antenna  locatioii  directly 
beneath  the  fusilage  would  provide  some  isolation  from  rotor  modulation, 
a  pattern  more  or  less  omnidirectional  in  azimuth,  and  some  gain  reduction 
at  the  horizon.  It  should  bo  possible  to  obtain  or  devise  an  antenna 
mount  which  would  either  permit  bending  in  any  direction  or  permit  retraction 
of  the  antenna  during  landing  and  takeoff.  Such  an  antenna  could  be  clamped 
to  the  landing  skid  struts  to  facilitate  installation  and  removal.  A  small 
diameter  whip  would  be  relatively  difficult  to  resolve  from  the  ground. 

The  present  VHF  whip  which  extends  from  the  UH-ID  tail 
boom  undoubtedly  shows  a  substantial  amount  of  rotor  modulation,  and 
presumably  has  a  pattern  null  in  the  forward  direction,  but  otherwise  meets 
the  criteria  of  polarization,  platform  compatibility,  and  concealment. 

Reduction  of  gain  margins  required  for  multichannel  systems 
may  be  accomplished  by  frequency  diversity  using  two  or  more  antennas  on 
the  aircraft,  as  a  means  of  filling-in  nulls  in  each  pattern 

3.  4.  5.  5  Pov/cr  S\ipply 

The  use  of  platform  power,  when  available,  is  the  most 
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efficient  means  of  supplying  primary  power  to  the  relay  equipment.  Even 
if  the  quality  of  the  power  supplied  by  the  platform  is  poor,  voltage  re¬ 
gulators,  filters,  ete.  ,  are  readily  available.  A  satisfactory  regulator 
for  500  watts,  which  should  provide  ample  power  for  a  6  to  12  channel 
relay  system,  would  weigh  less  than  10  pounds  and  require  less  than  0.  1 
cubic  foot  of  volume.  It  should  be  noted  that  semiconductor  devices  are 
particularly  intolerant  of  high  voltage  transients,  and  the  application  of  pack- 
set  equipment  such  as  the  AN/PRC-77,  designed  for  battery  operation  re¬ 
quires  careful  attention  to  transient  suppression. 

Any  suitable  secondary  or  auxiliary  power  supply  would  re¬ 
quire  substantially  more  weight  and  volume.  For  example,  a  secondary 
battery  supply  capable  of  supplying  10  watt -hours  per  pound  would  require 
50  pounds  to  supply  500-watt  hours,  although  lithium-copper  fluoride  pri¬ 
mary  batteries  having  a  capacity  of  80  watt-hours  per  pound  are  in  the 
development  process. 

Most  airborne  vehicles  have  some  primary  power  avail¬ 
able,  with  no  additional  weight  required.  If  added  primary  power  is  re¬ 
quired,  the  added  weight  required  for  a  larger  generator  may  be  at  a  rate 
as  little  as  10  pounds  per  horsepower,  or  74.  6  watts  per  pound.  This  value 
is  based  on  present  generators  designs  and  should  be  im.proved  substantially 
in  the  future.  Fuel  cells  of  adequate  eapaeity  and  reliability  may  be  able 
to  replace  electromechanical  generators  for  auxiliary  pov/er  functions  of 
this  sort  in  a  few  years. 

3.4.  5.6  Electromagnetic  Interference  Compatibility  (EMI) 

The  conceptual  design  of  the  multi-transceiver  relay  package 
is  predicated  on  the  assumption  that  the  interference  between  the  relay  and 
platform  avionics  equipment  and  the  interference  between  adjacent  trans¬ 
ceiver  equipments  may  be  held  to  satisfactory  levels.  Further  investigation 
of  the  interference  generation  and  susceptibility  of  the  AN/PRC-77,  PRC-25, 
an/arc -114  and  other  transceivers  is  needed  before  specific  relay  pack¬ 
age  is  designed.  The  results  of  sueh  an  investigation  may  indicate  necessary 
filtering,  shielding,  pov.’cr  supply  decoupling,  tuning  range  limitations,  and 
in  general,  the  suitability  of  the  transceiver  equipment  for  multiple  relay 
service. 


The  relative  desirability  of  equipment  specifically  designed 
to  meet  RF  compatibility  specifications  is  evident.  This  favors  particularly 
the  equipment  designed  especially  for  relay  service,  the  AN/ARC-97  and  the 
AN/ARC -89V,  and  to  a  lesser  degree  (sinec  the  other  equipments  require 
modification)  the  other  aircraft  radio  equipments.  A  longer  range  relay 
development  program, of  course,  would  reqviire  attention  to  EMI  problems 
during  design  and  qualification. 
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3.  5  •  POTENTIAL  FOR  RELAY  DEVELOPMENT 

3.  5.  1  Optimized  Relay  S^-stem  Design 

3.  5.  1.  1  Objectives 

It  is  evident  that  the  use  of  existing  equipment  for  the  relay 
application  is  intended  as  a  stop- gap  measure  to  shorten  the  cycle  of  develop¬ 
ment,  trial,  and  operational  deployment.  For  the  longer  range  objective,  we 
are  more  at  liberty  to  apply  techniques  and  components  which  are  not  now  in 
military  usage,  inventory,  or  development.  Among  the  long  range  objectives 
for  relay  systems  are: 

1.  Simplification  of  relay  hardware. 

2.  Development  of  relay  packages  compatible  with  a 
variety  of  platforms. 

3.  Development  of  tactical  radio  equipment  designed  for 
optimization  of  both  relayed  and  conventional  operational 
modes. 

4.  Compatibility  of  relay  with  digital  modulation  modes. 

5.  Reduction  of  interference  generation  and  susceptibility. 

One  is  constrained,  even  in  planning  for  the  long-range  objectives,  to  main¬ 
tain  a  degree  of  continuity  in  equipment  development,  since  phasing-out  of 
older  equipment  is  a  slow  process.  Tnis  is  especially  true  in  counterinsur¬ 
gency  warfare,  where  indigenous  military  and  paramilitary  forces  may  be 
equipped  with  earlier  U.  S.  radio  equipment. 

The  following  paragraphs  describe  some  of  the  features  of 
optimized  relay  designs,  primarily  in  regard  to  relays  designed  for  FM- 
network  augmentation,  but  also  in  reference  to  possible  UHF-AM  network 
relaying  and  the  multichannel  trunk  relay  problems. 

3.  5. 1.  2  Relay  Design 

All  of  the  relay  packages  recommended  for  initial  and  interim 
time  frame  application  consist  of  assemblies  of  single  channel  equipment. 
While  this  is  a  necessary  expedient,  there  may  be  substantial  room  for  im-' 
provement  of  relay  complexity,  size,  and  reliability  through  an  overall 
simplification  of  the  relay  package.  Can  the  more  extensive  use  of  equip¬ 
ment  common  to  two  or  more  channels  bring  about  any  net  economies  or 
performance  improvement? 

1.  The  use  of  broadband  relays  covering  several  channels 
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simultaneously  increases  the  susceptibility  to  unin¬ 
tentional  interference  or  to  deliberate  jamming. 

2.  All  subscribers  within  the  service  range  of  the  relay 
will  have  to  avoid  the  relay's  segment  of  the  spectrum 
if  they  do  not  need  relay  service, 

3.  If  a  broadband  relay  does  not  provide  s.^parate  AGC  for 
each  up-link  channel,  then  some  sort  of  automatic  power 
control  must  be  incorporated  in  the  pack  sets  themselves 
so  that  all  signals  to  be  relayed  arrive  at  the  platform  at 
approximately  the  same  level.  Frequency-translated 
down-link  signals  are  not  a  good  basis  for  level  compari¬ 
son,  since  signal  levels  observed  at  two  frequencies  from 
a  jungle-immersed  antenna  may  be  substantially  uncor¬ 
related. 

4.  Maintaining  the  intermodulation  products  from  the  broad¬ 
band  relay  at  a  tolerable  level  requires  design  of  the 
relay  transmitter  for  high  peak  power  capability,  with 
consequent  high  power  input  requirements  and  transmitter 
cooling  requirements.  On  the  other  hand,  hybrid  combining 
of  separate  transmitters  is  not  very  efficient  either. 

5.  Failure  of  a  broadband  relay  may  jeopardize  several  mil¬ 
itary  units  simultaneously.  There  may  therefore  be  a 
need  for  standby  equipment  with  manual  or  automatic 
switchover  provisions. 

6.  Useful  savings  should  be  possible  in  the  equipment  common 
to  the  channel  frequency  synthesizers. 

The  conclusion  of  the  above  considerations  seems  to  be  that  a  broadband  relay 
package  needs  to  provide  single -channel  preselector  filtering  and  separate 
AGC  for  each  channel.  The  principal  difference  from  a  multi-tremsceiver 
relay  package  would  be  the  use  of  broadband  power  amplifier  common  to  all  of 
the  receiver  channels.  The  peak  power  requirement  should  not  be  a  problem 
for  the  larger  platforms. 

As  for  the  long-term  implications  of  common-frequency 
(switching)  and  frequency  translating  relay  techniques,  the  question  of  com¬ 
patibility  with  digital  modulation  formats  would  appear  to  be  a  critical  fac<’or. 
The  elevated  platform  increases  the  risk  of  message  interception  and  spoofing, 
so  the  use  of  a  relay  mode  compatible  with  digital  modulation  appears  to  be 
indicated.  The  common-frequency  non-switching  relay  should  be  PCM  com¬ 
patible,  but  leaves  some  question  as  to  its  adaptability  to  relaying  more  than 
one  channel  at  the  same  platform. 

Passive  reflectors  appear  to  offer  too  little  path  gain  to  be 
useful  for  pack-sot  relaying,  but  may  find  application  in  point-to-point 
multichannel  application  where  the  reflector  correlation  bandwidth  permits. 

ii: 
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The  multichannel  HARR  application  would  benefit  from  the  use  of  a  simple 
field-transportable  tracking  antenna  of  modest  size  capable  of  following 
high-altitude  balloons  or  other  reflecting  devices. 

The  multichannel  relay  application  would  also  benefit  from 
the  development  of  a  platform  mounted  antenna  capable  of  providing  useful 
directivity  toward  the  ground  terminals  or  other  airborne  terminals,  yet 
keeping  gain  fluctuations  due  to  platform  motion  to  a  minimum.  Such  antennas 
would  not  need  to  track  the  received  signals  from  the  ground  or  other  aircraft, 
but  could  be  directed  by  the  platform's  navigational  facilities,  or  through  a 
link  between  navigational  facilities  at  two  such  platforms, 

3,  5, 1,3  Ground  Terminal  Design 

It  was  noted  in  Section  3,  2  of  this  report  that  the  pack-set 
radio  design  constrains  the  relay  network  operation  in  several  ways.  The 
most  awkward  problem  with  contemporary  pack-set  radios  is  the  use  of 
single-frequency  operation,  with  one  local  oscillator  or  synthesizer  con¬ 
trolling  both  receiver  and  transmitter.  Provision  for  independent  receive 
and  transmit  frequency  selection  would  be  the  ideal  solution  (from  the  relay 
designer's  point  of  view)  but  a  fixed  switchable  frequency  offset  would  per¬ 
haps  be  more  reasonably  incorporated  in  the  pack- set. 

Use  of  contemporary  RADA  vacant  channel  search  procedures 
in  a  tactical  network  context  appears  to  be  dangerous,  in  that  a  captured 
pack-set  could  be  used  to  elicit  automatic  responses  for  direction  finding  and 
fire  control. 


There  would  appear  to  be  considerable  room  for  improvement 
in  pack-set  antennas  for  jungle  operation.  Further  examination  of  the 
potential  of  frequency  diversity  and  the  use  of  magnetic  loops  instead  of, 
or  in  addition  to  whip  antennas  may  lead  to  useful  results.  Recent  work  on 
the  "energy  density"  antenna  (ref.  3.  5-  1,  2)  suggests  that  a  substantial 
improvement  in  fading  may  be  achieved  through  the  use  of  this  technique. 

3.  5.  2  Satellite  Relay 

3.  5.  2, 1  Introduction 

The  use  of  earth  satellites  is  rapidly  augmenting  and  replacing 
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military’  long-haul  communications  circuits  using  hf  radio,  ionospheric 
scatter,  undersea  cable,  and  tropospheric  scatter.  The  potential  of  satellite 
communications  for  use  in  the  present  context  of  tactical  communications 
remains  to  be  exploited.  The  following  paragraphs  consider  briefly  the  use 
of  satellite  relaying  for  tactical  pack-set  application  and  for  UHF/SHF  multi¬ 
channel  communications. 


3.  5.  2.  2  Satellite  Location 

The  availability  of  satellites  in  orbits  from  a  few  hundred 
miles  to  synchronous  orbits  leads  to  an  initial  question  of  the  proper  satellite 
orbit  location  for  tactical  support.  If  a  given  theater  is  to  be  supported  by 
satellite  relay,  the  frequency  assignment  problem  is  quite  complicated.  A 
synchronous  satellite  could  act  as  a  relay  for  a  selected  group  of  channels 
which  would  remain  fixed,  or  could  change  channel  assignments  remotely  in 
accordance  with  the  SOI  schedule.  Sub- synchronous  satellites,  however, 
would  require  separate  frequency  assignments  or  else  would  have  to  be 
switched  on-and-off  by  a  ground  control  station  which  would  assure  that  only 
one  satellite  would  be  assigned  to  a  given  frequency  range  at  a  time,  while 
in  view  of  the  operational  area.  The  same  frequency  range  could  be  used 
in  areas  which  did  not  have  the  satellite  in  view  simultaneously.  With  this 
provision,  satellites  at  any  altitude  could  be  used  subject  to  the  constraints 
of  power  and  ground  station  complexity. 


3.  5.  2.  3 


VHF/UHF  Pack-set  Rela^ 


In  order  to  use  a  satellite  relay  for  pack- set  range  augmen¬ 
tation,  the  satellite  must  have  sufficient  receiver  sensitivity  and  power 
output  that  directional  antennas  are  not  required  on  the  ground.  The  field 
of  view  of  a  satellite  is  large  enough  that  an  exclusive  channel  assignment 
will  be  required  for  the  up  and  down-link  frequencies.  Since  the  military 
services  share  the  VHF  (30-70  MHz)  spectrum  with  a  variety  of  other 
services,  it  is  unlikely  that  such  assignments  can  be  obtained.  The  sit¬ 
uation  is  somewhat  better  at  VHF  (225-400  MHZ)  where  military  traffic 
predominates,  and  agreements  could  be  made  between  friendly  governments 
regarding  assignment  of  portions  of  the  band  to  relay  functions. 


It  may  be  useful  to  consider  the  necessary  parameters  of 
synchronous  satellites  and  ground  terminals  for  this  service.  If  we  take 
the  up  link  as  limiting  performance,  and  base  antenna  performance  on 
that  achieved  in  the  NASA  ATS  satellits,  the  power  budgets  of  Table  3-5 
may  be  postulated.  Circular  polarization  of  the  satellite  antenna  is  assumed, 
and  satellite  receiver  bandwidths  are  taken  as  36  KHz  for  VHF-FM  and  4  KHz 
for  UHF-AM. 
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The  resulting  carrier  to  r^oise  ratios  indicate  that  a  considerable  additional 
up-link  system  gain  is  needed.  The  vertical  whip  antenna  associated  with 
the  pack- set  has  a  somewhat  less  than  ideal  pattern  and  orientation,  and  so 
loss  has  been  assumed  for  possible  jungle  foliage. 

In  view  of' the  VHF  interference  problems,  it  seems  safe  to 
say  that  satellite  relaying  is  not  feasible  for  conventional  pack- set  equipments. 
At  UHF,  it  may  be  possible  to  increase  satellite  antenna  gain,  ground  antenna 
gain,  and  ground  transmitter  power  enough  to  provide  useful  service  for  pack- 
sets  with  line-of-sight  clearance  to  the  satellite. 

3.5.  2.4  UHF/SHF  Multichannel  Relay 

The  use  of  satellite  relaying  is  much  more  attractive  at  higher 
frequencies  where  more  nearly  exclusive  channel  assignments,  wider  band¬ 
width,  and  higher  antenna  gain  are  available.  The  size  of  a  satellite  com¬ 
munications  terminal  for  12  to  24  channel  capacity  can  be  comparable  to  that 
of  a  transportable  tropospheric  scatter  system. 

Since  a  given  operational  area,  e.  g.  Viet-Nam,  might  require 
several  multichannel  links  of  this  sort  for  temporary  use  (assuming  that 
permant  links  are  maintained  by  tropospheric  scatter  or  submarine  cable) 
it  will  be  necessary  to  equip  the  satellite  for  sharing  one  or  more  transponder 
channels.  This  may  be  accomplished  through  several  possible  multiple  access 
techniques. 


The  central  question  seems  to  be  whether  there  is  a  justifi¬ 
cation  for  equipping  "high  altitude"  platforms  for  multichannel  relay  when 
satellite  relaying  is  becoming  practical  for  transportable  terminals.  The 
satellite  terminal  will  undoubtedly  be  a  specialized  equipment  with  specially 
trained  operators.  It  would  be  possible  to  implement  high-quality  HARR 
relay  links  using  ground  terminals  of  the  sort  employed  for  conventional  LOS 
or  tropo  links,  with  the  possible  exception  of  using  lower-gain  antennas  than 
is  usual. 


Activation  of  a  HARR  link  could  be  at  the  local  commander's 
option,  while  use  of  satellite  channels  may  require  extensive  coordination. 

On  the  other  hand,  the  satellite  interference  generation  and  susceptibility 
are  more  readily  controlled  through  the  responsible  agency  than  would  be 
the  case  for  somewhat  independent  HARR  platform  usage. 

The  delay  implicit  in  replacing  defective  satellites  is  perhaps 
a  justification  for  the  use  of  a  HARR  relay  for  temporary  backup  of  satellites 
used  for  moderately  short  paths,  although  with  enough  satellites  in  orbit. 


there  will  usually  be  alternates  av'ailable. 

In  a  situation  involving  jamming,  there  may  be  an  advantage 
in  minimizing  the  coverage  area  by  means  of  a  relay  platform  at  the  minimum 
altitude  for  system  operation  and  platform  safety. 

In  summary,  it  appears  that  even  with  extensive  use  of 
satellites  for  tactical  trunk  relaying,  there  may  be  a  need  for  the  HARR  type 
of  relay  service  as  a  temporary  means  of  establishing  or  maintaining  a 
multichannel  link. 


3.  5.  3 


Passive  and  Semi-Active  Reflectors 


3.  5. 3.1 


Introduction 


The  use  of  a  passive  reflector  as  a  relay  mechanism  is 
attractive  with  respect  to  reliability,  power  requirements,  rapidity  of  launch¬ 
ing,  and  other  respects,  in  exchange  for  which  one  must  accept  a  low  relay 
gain,  raising  ground  power  and  antenna  gain  requirements.  The  path  loss 


involved  in  a  passive  relay  link  is  given  by  the  basic  r; 
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is  transmitted  power 
is  received  power 

is  the  distance  from  transmitter  to  reflector 
is  the  distance  from  reflector  to  receiver 


g^  is  the  transmitting  antenna  gain  referred  to  an  isotropic 
antenna 

0  is  the  effective  rcradiating  area  of  the  reflector 
A  is  the  effective  area  of  receiving  antenna,  = 
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g  is  the  receiving  antenna  gain  referred  to  an  isotropic 
antenna,  and 

\  is  the  wavelength. 

The  low  gain  or  low  effective  reradiating  area  of  a  passive 
reflector  makes  it  much  more  adaptable  to  a  microwave  point-to-point  commu¬ 
nications  application.  A  microwave  system  normally  uses  high  gain  antennas 
at  both  ground  terminals  which  are  mounted  above  the  surrounding  foliage, 
or  witli  the  foliage  cleared  away  in  the  path  direction. 
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This  discussion  of  the  various  types  of  passive  reflectors 
should  start  most  logically,  a'?  in  Corriher  and  Pyron  (ref.  3.5-4),  with 
artificial  electron  clouds  (ref.  3.5-5).  This  type  is  followed  by  a  discussion 
of  chaff  (3.  5-6,  7)  then  orbiting  dipoles,  such  as  those  of  project  "West  Ford" 

(ref.  3.  5-8).  The  next  types  of  reflectors,  in  order  of  increasing  gain,  are 
reflective  balloons  (ref.  3.  5-9),  retrodirective  devices,  such  as  corner 
reflectors  (ref.  3.5-10)  and  Luneberg  lensee  (ref.  3.5-11),  grated  arrays  of 
artificial  scatters  (ref.  3.  5-12),  and  also  passive  Van  Atta  retrodirective  i 

arrays  (refs.  3.5-13,14). 

A  related  group  of  reflectors  to  be  considered  is  the  semi¬ 
active  relay.  This  system  is  a  compromise  between  the  purely  passive  type  of 
reflector  and  the  active  type  of  relay,  that  uses  an  on-board  power  supply. 

The  semi-active  system  uses  a  Van  Atta  retrodirective  antenna  array,  which 
may  be  modul  ted  by  signals  received  from  another  direction  by  a  second 
retrodirective  antenna  array.  The  power  requirements  of  the  modulator 
may  be  low  enough  to  permit  supplying  power  from  the  ground. 

A  similar  type  that  requires  somewhat  more  power  than  this 
semi-active  relay  is  the  "Antennafier"  (ref.  3.  5-1  ).  It  uses 
device  as  a  broadband  amplifier,  directly  at  the  antenna,  to  provide  gain. 

3.  5.  3.  2  Artificial  Electron  Clouds 


A  series  of  tests  were  made,  ending  in  I960,  of  the  performance 
of  cesium  vapor  clouds  as  reflectors  of  radio  waves.  These  artificial  electron 
clouds  were  released  from  rockets  at  altitudes  of  about  100  krn.  The  reflect¬ 
ivity  at  various  frequencies,  the  time  duration  of  the  reflectivity  and  other 
characteristics  were  measured. 


Gallagher  and  Barnes  (ref.  3.  5-5)  found  that  the  backscatter 
from  the  ionized  cloud  lasted  substantially  longer  for  daytime  releases.  The 
backscatter  duration  was  fairly  constant  for  frequencies  up  to  26  MHz, 
dropping  off  rapidly  to  a  negligible  duration  between  100  and  300  MHz.  Radar 
cross-section  was  found  to  peak  at  10  krr?  at  20  MHz  and  to  drop  to  Ikm^  in 
the  40-50  MHz  range.  It  is  indicated  that  during  the  daytime,  gas  releases  at 
altitudes  above  115  km  would  be  optimum  yielding  signal  durations  of  60  min. 
At  night,  altitudes  below  95  km  are  necessary  for  maximum  signal  duration. 


The  monostatic  radar  cross-section  values  cannot  be  used 
directly  to  calculate  path  loss  for  ground-electron  cloud-ground  path. 
Corrections  to  give  the  bistatic  cross-section  are  indicatedin  the  referenced 
paper.  An  approximate  value  could  be  obtained  by  multiplying  the  backscatter 
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cross-section  by  the  cosine  of  the  angle  between  the  receiving  and  the  tr?.nsmitting 
paths  at  the  reflecting  surface. 

Fading  rates  after  the  burst  growth  period  are  comparable  to 
those  observed  for  long-enduring  meteors  and  for  the  normal-mode  ionospheric 
propagation  and  are  considerably  less  than  for  aurora'  fading 

Since  I960,  numerous  field  experiments  have  been  conducted 
using  artificially  ionized  clouds  to  enhance  radio  propagation.  Payloads  of  from 
7  to  10  pounds  released  at  100  km  produced  very  satisfactory  results  during  these 
tests.  The  test  evaluations  indicate  that  artificial  electron  clouds  can  support 
VHF  radio  propagation  up  to  at  least  50  MHz  over  all  ranges  out  to  1100-1400 
miles  and  for  durations  to  60  minutes  or  more.  Additional  references  for  artificial 
electron  cloud  tests  made  after  I960  are  shown  in  3.  5-46,  3.5-47,  and  3.5-48. 

3. 5. 3. 3  Chaff 

Chaff  has  been  used  extensively  as  a  countermeasure  against 
both  tracking  and  search  radars.  There  has  been  considerable  recent  interest  in 
chaff  for  communications  over  non  line-of-sight  paths  at  UHF.  Chaff  may  be  dis¬ 
pensed  by  aircraft  at  altitudes  from  10,  000  feet  to  30,  000  or  it  may  be  dispensed 
by  rockets  at  altitudes  up  to  several  hundred  thousand  feet.  The  time  duration  of 
the  chaff  clouds  depends  on  the  fall  rate  which  is  proportional  to  altitudeand  on  the 
dispersion  of  the  cloud  by  air  currents.  The  fall  rate  is  typically  from  100  to  200 
feet  per  minute  at  altitudes  from  10,  000  feet  to  5,  000  feet.  Horizontal  and  vertical 
cloud  dimensions  of  2,  000  to  3,  000  yards  have  been  measured  in  x'ecent  tests  and 
appear  characteristic,  with  drift  rates  corresponding  to  the  horizontal  component 
of  wind  velocity. 


The  median  bistatic  cross-section  determined  in  these  recent 
tests  (ref.  3.  5-6)  measured  2,  000  to  4,  000  square  meters  at  1498  MHz  for  a  10 
pound  chaff  unit  containing  3.75  x  10^  dipoles. 


Chaff  communications  signals  show  rapid  fluctuation  in  signal 
level  at  a  rate  of  0  to  15  Hz  similar  to  scatter  propagation.  The  chaff  shows  a 
non-random  orientation,  with  the  signal  strength  about  2.  5  db  greater  for  recei/er 
antenna  polarization  at  90  degrees  to  the  ground  and  to  the  transmitting  antenna. 


The  distribution  of  signal  fluctuations  was  computed  and  showed 
good  agreement  with  an  exponential  probability  distribution. 
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The  transmission  loss  for  chaff  communications  was  compared 
with  tropospheric  scatter  communications  at  a  frequency  of  1500  MHz.  At  dis¬ 
tances  of  50  miles  the  transmission  loss  for  bo  h  tropospheric  and  chaff  scatter 
are  about  equal.  At  a  distance  of  80  miles  chaff  communication  has  a  10  db 
advantage  which  increases  to  20  db  at  200  miles.  For  this  distance  of  200  miles, 
the  chaff  needs  to  be  dispensed  at  an  altitude  of  only  26,  000  feet  to  provide  a 
transmission  time  of  30  minutes. 

A  recent  publication  on  Chaff  Communications  in  the  4-5  GHz 
frequency  range  is  shown  in  Reference  3.5-45. 


3.  5.  3.  4  Orbiting  Dipoles 

The  ''W'est  Ford"  experimental  program  to  determine  the 
properties  of  an  orbiting  dipole  belt  as  a  communications  medium  had  hvo 
major  goals.  The  first  of  these  was  the  measurement  of  the  propagation 
characteristics  of  this  dipole  belt  in  sufficient  detail  to  permit  the  design 
of  possible  future  communictions  systems  well  matched  to  it.  The  second 
goal  was  the  achievement  of  digital  data  transmission  at  high  rates  con- 
sistant  with  the  density  of  dipoles  in  orbit.  Both  of  these  goals  were  sub¬ 
stantially  achieved,  with  digital  data  rates  of  20,  000  bits /sec,  PCM  voice 
was  transmitted  during  the  first  week. 

The  dipole  design  chosen  for  this  successful  dipole  belt 
yeilded  an  average  orbital  resonance  scattering  cross-section  at  8,000  MHz 
of  the  order  of  2,  500  sc^uare  meters  per  kilogram  of  mass  using  dipoles  of 
copper  of  about  2  x  10  centimeters  diameter  and  a  mass  of  about  40  micro¬ 
grams  (refs,  3,  5-16,  17),  A  total  weight  of  about  20  kilograms  of  dipoles  was 
released  into  orbit.  Because  these  dipoles  were  distributed  throughout  the 
common  volume  of  the  hvo  antenna  beams,  and  because  of  the  differential 
motion  of  the  dipoles  through  that  common  volume,  the  received  radio  signals 
showed  rapid  fading,  due  to  spreading  of  the  Doppler  frequency  shift  of  the 
order  of  1,  000  Hz  and  showed  a  multipath  time  delay  smear  of  the  order  of 
100  microseconds  (refs,  3,  5-8,  16), 

The  backscattering  cross-section  of  the  West  Ford  dipole 
belt  has  been  determined  to  be  about  ,  03  square  meters  (ref,  3.  5-18),  This 
was  sufficient  to  obtain  a  0  db  S/N  ratio  with  a  received  bandwidth  of 
3  KHz  (ref,  3.  5-8),  This  performance,  unfortunately,  was  obtained  only 
by  the  use  of  extremely  high  performance  ground  equipment  (ref,  3,  5-19), 

The  West  Ford  Millstone  Hill  system  operated  with  a  transmitted  power  of 
20  kw  peak,  the  antenna  (60  feet  in  diameter)  had  a  gain  of  59  db  at  7,  750  MHz, 
the  antenna  beamwidth  was  0.  15  degrees,  and  the  receiver  system  tempera¬ 
ture  was  120OK.  The  system  at  Camp  Parks  operated  with  a  transmitted  power 
of  100  kw  peak,  the  antenna  (also  60  feet  in  diameter),  had  a  gain  of  59.75  db, 
with  a  beamwidth  of  0.  14°,  and  the  receive  system  temperature  was  60°K.  When 
the  complete  system  was  operated  in  a  bistatic  mode,  the  Camp  Parks  trans¬ 
mitted  power  was  redviced  to  40KW,  In  both  cases  the  receiver  system  temp¬ 
erature  was  obtained  with  the  antenna  pointed  at  the  zenith. 

Thus,  low  noise  receivers,  high  power  transmitters,  and 
high  gain  antennas  at  both  ground  terminals  are  necessary  to  compensate 
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for  the  very  high  path  loss  (about  -210  db)  of  this  communications  system. 
Further  limitations  on  the  system  performance  are  caused  by  the  substan¬ 
tial  Doppler  shift  and  the  multipath  spread  requiring  the  use  of  specially  de¬ 
signed  equipment. 

3,  5.  3.  5  Spherical  Balloons 

Spherical  balloons  may  be  used  as  passive  reflectors  within 
the  atmosphere,  as  either  tethered  balloons  or  free-floating  balloons,  and 
can  serve  as  their  oviTi  platform.  Most  recent  references  to  reflective 
balloons  discuss  their  use  as  satellites. 

For  a  spherical  reflector  whose  diameter  is  large  compared 
with  a  wavelength,  the  effective  reradiating  angle  is  independent  of  the  angle 
between  the  incident  and  scattered  path  and  the  bistatic  cross-section  is 
given  by: 

2  , 

a  =  nD^  /4 


where  D  is  the  reflector  diameter, 
s 

Attitude  stabilization  is  possible  for  a  free  floating  balloon 
within  the  atmosphere  under  the  action  of  gravity  and,  of  course,  also  for 
a  tethered  balloon.  The  design  of  the  balloon  may  then  be  modified  to  in¬ 
crease  the  effective  reradiating  area  by  increasing  the  radius  of  curvature 
of  the  bottom  half  of  the  balloon  and  stabilizing  the  balloon  about  the  vertical 
axis.  The  radius  of  curvature  and  the  useful  increase  in  the  effective  rc- 
radiating  area  of  the  reflector,  a,  may  be  increased  in  proportion  to  the 
degree  of  stabilization  obtainable.  The  reflector  diameter,  D  ,  should  then 
be  replaced  by  R  ,  where  R  is  the  radius  of  curvature  of  the  underside  of 
the  balloon.  The  resulting  cross-section  is: 

a  =  rrR  ^  /4 
n 

Several  methods  may  be  used  to  reduce  the  weight  of  the 
balloon  without  reducing  the  reflective  properties.  The  reflective  coating 
may  be  made  extremely  thin  (of  the  order  of  1000  Angstroms)  and  does  not 
need  to  cover  the  entire  balloon  surface,  but  may  be  made  of  a  grid  of  thin 
ribbons,  spaced  a  fraction  of  a  wavelength  apart. 

The  gain  of  such  a  passive  reflector  is  much  less  than  that  of 
an  active  relay  or  satellite,  but  in  some  cases  it  may  be  substantially  better 
than  the  gain  of  tropospheric  scatter  circuit.  The  bandwidth  of  a  passive 
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balloon  reflector  is  extremely  wide,  since  the  dimensions  of  the  balloon 
introduce  a  small  path  delay  spread.  Calculate ni->s  based  on  oov/er  ncr 
channel  mile  in  Ryerson  (ref.  3.5-20)  show  that  much  less  power  is  re¬ 
quired  for  the  ground  transmitters  for  a  100  foot  diameter  passive  spherical 
satellite  in  v  1000  mile  orbit  with  a  traffic  capacity  of  one  million  channels 
(50  percent  of  the  8  GHz  spectral  space,  with  4  KHz  channels)  than  for  a 
tropospheric  scatter  system  of  15  links  of  400  miles  per  link.  Since  there 
are  no  active  components  in  orbit,  the  reliabili*v  is  also  irmch  improved. 

There  is  a  limitation  on  transmitting  time,  ho’  er,  since  the  satellite  is 
visible  to  both  ground  stations  for  only  a  fraction  of  the  satellite's  revolution. 
The  necessity  for  actively  tracking  and  acquiring  the  satellite  on  each  re¬ 
volution  will  increase  the  cost  of  the  ground  antennas  and  the  associated  equip¬ 
ment  and  will  also  reduce  the  reliability  of  the  ground  stations  by  increasing 
the  complexity  of  the  equipment, 

3,  5.  3.  6  Corner  Reflectors 


The  bistatic  cross-section  of  a  corner  reflector  may  be 
visualized  as  the  product  of  the  gain  of  a  corner  reflector  antenna  in  the 
direction  of  interest.  A  downward -facing  corner  reflector  arra^  would 
therefore  have  a  re -radiation  pattern  with  its  main  lobe  downward,  and  low 
gain  at  the  horizon,  as  would  be  desired  for  interference  and  jamming 
considerations,  Ryerson  (ref.  3.5-20)  indicates  that  the  effective  cross-sec¬ 
tion  is  not  much  better  than  that  of  a  more  easily  launched  balloon. 

3,  5.  3.  7  Luneberg  Lenses 

A  Luneberg  lens  (ref.  3.  5-11)  is  a  lens  having  a  radial  variation  in 
the  index  of  refraction.  This  lens  has  the  property  of  collecting  the  energy  which  falls 
upon  the  surface  of  one  hemisphere,  refracting  it  through  the  sphere,  and 
bringing  it  to  a  focus  at  the  center  of  the  surface  of  the  opposite  hemisphere. 

If  the  energy  is  reflected  at  this  focal  point,  it  will  be  reradiated  in  the  dir¬ 
ection  from  which  it  originated.  As  the  direction  of  the  incident  radiation  is 
changed,  the  focal  point  will  shift  its  position  accordingly.  Hence,  if  a  por¬ 
tion  of  the  opposite  hemisphere  is  covered  by  a  reflecting  metallic  cap,  the 
target  will  respond  over  a  large  range  of  angles  of  incidence. 

A  variation  of  the  Luneberg  lens  called  the  Eaton- Liippmann 
lens  (ref,  3.  5-11)  can  be  designed  so  that  the  signal  is  received  on  a  narrow 
beam  and  transmitted  without  amplification  on  several  other  bevms  covering 
a  wide  sector.  This  lens  requires  no  attitude  control  as  do  the  other  types 
of  lens,  using  as  bistatic  reflectors,  but  it  has  a  fixed  angle  belv/een  the  two 
beams.  Scanning  over  360°  can  also  be  accomplished  with  the  Luneberg  lens 
by  the  use  of  multiple  feeds  spaced  around  the  surface  of  the  sphere 
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(ref;  3.  5.11).  An  analog  of  the  Luneberg  lens  has  been  built  which  works  by 
reflection  only  and  avoids  the  weight,  cost,  and  complexity  of  the  progres¬ 
sively  graded  refracting  medium  of  the  Luneberg  lens  (ref.  3.  5-23). 

This  type  of  reflector  is  usually  capable  of  operation  only  for 
the  monostatic  or  retrodirective  mode,  it  has  a  relatively  low  gain,  and  is 
quite  heavy,  compared  with  types  which  only  reflect.  Even  for  the  bistatic 
case,  the  angle  between  the  two  beams  is  fixed,  which  limits  the  application, 
and  the  gain  is  reduced. 

3.  5. 3.  8  Grated  Arrays 


Grated  arrays,  such  as  the  balloon  supported  type  tested  by 
General  Mills  (ref.  3.4.12),  are  also  restricted  to  fixed  angles  between  the 
receiving  direction  and  the  transmitting  direction.  They  are  additionally 
much  more  restricted  in  bandwidth.  The  coherent  scattering  system  tested 
by  General  Mills  in  the  reference  utilized  a  nonresonant  grated  array.  This 
type  of  array  is  less  sensitive  to  frequency  changes  than  the  dipole  array 
tested  earlier  by  General  Mills.  Both  the  dipole  array  and  the  nonresonant 
grated  array  systems  have  the  advantage  of  providing  a  coherent  communi¬ 
cations  path  with  a  relatively  constant  amplitude  and  phase  characteristic, 
and  are  free  of  scintillation. 


is: 


The  bistatic  scattering  cross  section  of  a  nonresonant  grating 


where,  A  is  the  physical  cross  section  of  the  array,  including  the  open 
spaces  between  the  reflective  sheetu.  The  peak  gain  of  the  scatter  is  defined 
as: 


In  comparison  with  the  peak  gain  of  an  antenna  of  rectangular  aperture,  the 
gain  of  the  scatterer  is  about  one  order  of  magnitude  lower  (I/tt^),  This  can 
be  explained  by  the  fact  that  th&  grating  has  other  strong  lobes,  transmissive 
as  well  as  reflective,  besides  the  one  which  is  utilized.  Theoretical  gains  of 
about  ■  10.  6  db  were  calculated  for  the  experimental  grating.  The  results  of 
the  tests  of  this  grating  showed  a  receiving  propagation  path  loss  of  12  to  14  db 
greater  than  the  free  space  value,  after  the  diffraction  grating  reached  10,  000 
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feet  altitude.  A  calculation  of  the  tropospheric  scatter  propagation  path 
loss  resulted  in  a  value  almost  16  db  below  that  due  to  the  grated  array 
scattering. 

3.  5.  3.  9  Van  Atta  Retrodirective  Arrays 

The  Van  At'a  reflector  array  is  an  array  in  which  the  elements 
are  interconnected  to  reradiate  energy  '  ack  in  the  direction  of  arrival.  This 
type  of  array  reflects  over  a  wider  angle  than  the  typical  corner  reflector, 
but  is  sensitive  only  to  incident  waves  in  the  frequency  band  of  and  having  the 
polarization  of  the  dipoles.  Although  the  Van  Atta  array  is  capable  of  re¬ 
flecting  a  wave  incident  at  any  angle  from  end-fire  to  broadside,  its  perfor¬ 
mance  is  limited  in  practice  by  the  directivity  of  the  radiators. 

The  Van  Atta  array  tested  by  Sharp  and  Diab  {rvL  3.  5-24) 
maintained  a  high  scattering  cross  section  over  a  50  percent  larger  angle  than 
the  typical  corner  reflector  and,  for  the  same  scattering  cross  sec. ion,  the 
Van  Atta  array  is  somewhat  smaller  in  cross  sectional  area.  This  array  can 
be  modified  to  reflect  a  wave  of  any  polarization  by  arranging  that  half  the 
radiators  be  vertically  polarized,  and  half  horizontally  polarized  or  by  using 
circularly  polarized  radiators.  The  frequency  band  of  operation  can  be  made 
quite  large  by  the  use  of  wideband  radiators  such  as  the  conical  helix  or 
other  frequency-independent  antennas. 

A  numerical  investigation  by  Larsen  and  Nielsen  (ref.  3.  5-2^ 
showed  good  agreement  with  Sharp's  experiments.  They  also  found  that  a 
conducting  plate  behind  the  dipole  system  causes  a  rise  in  the  level  of  back- 
scattering  normal  to  the  plane  of  the  reflector  and  a  highly  increased  5  db 
response  angle,  while  it  has  the  disadvantages  that  the  backscattering  cross 
section  decreases  very  fast  for  angles  of  incidence  greater  than  60°  to  the 
normal  of  the  reflector. 

Most  of  the  minor  fluctuations  in  gain  of  the  array  at  varying 
angles  from  the  normal  are  due  to  the  reinforcement  or  cancellation  of  the 
Van  Atta  retrodirective  response  by  the  beam  scattered  from  the  antenna 
array  elements.  When  the  Van  Atta  array  is  used  in  an  active  system  this 
scattered  beam  makes  a  negligible  contribution  to  the  array  pattern. 

Gains  of  20  db  are  not  difficult  to  obtain,  with  the  gain  de¬ 
pendent  upon  the  number  of  antenna  elements  making  up  the  array.  An 
array  of  196  elements  (14  x  14)  is  expected  to  provide  a  gain  of  26  db  for  an 
active  satellite  system.  Table  I  of  Gruenberg  and  Johnson  (ref.  3.  5/.28) 
gives  the  gain  of  a  300  element  array  as  29  db,  a  1000  element  array  as 
34  db,  a  3000  element  array  as  39  db,  and  a  10,  000  element  array  as  44  db. 
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3.  5. 3,10 


Semi-Active  Relays 


Semi-active  (or  quasi-passive)  relays  make  use  of  active  ele¬ 
ments  either  to  enhance  the  effective  cross-section  of  the  reflector  system, 
to  modulate  the  reflected  signal,  or  to  amplify,  as  well  as  to  modulate,  the 
incident  signal  using  ground  power.  Active  relays  will  also  be  discussed 
which  require  a  small  amount  of  on-board  power. 

One  of  the  simplest  quasi-passive  relay  systems  was  des¬ 
cribed  by  Gruenberg  and  Johnson  (refs.  3.  5.  26  -  27  -  28).  It  uses  a 
retrodirective  antenna  of  the  Van  Atta  type  which  is  modulated  by  solid 
state  devices  inserted  in  each  path  connecting  conjugate  array  elements. 

The  system  power  consumption  can  be  reduced  to  the  point  where  ground- supplied 
power  may  be  considered.  The  transmission  paths  from  ground  to  the 
relay  and  from  the  relay  to  the  second  ground  station  are  considered  sep¬ 
arately.  The  link  from  ground  to  the  relay  is  a  straightforward  one-way 
transmission  system  and  is  not  critical.  This  link  is  operated  by  a  modu¬ 
lated  signal  from  any  direction  within  the  field  of  view  of  a  simple  dipole 
antenna.  This  antenna  connects  to  a  receiver  which  detects  the  signal  from 
the  ground.  The  detected  signal  is  used  to  modulate  the  Van  Atta  array. 


This  system  reduces  the  beamwidth  requirement  of  the  Van 
Atta  array  by  using  a  separate  receiving  antenna  or  group  of  antennas.  The 
gain  of  the  Van  Atta  transmitting  array  may  be  substantially  increased  in 
inverse  proportion  to  the  beamwidth.  By  eliminating  the  requirement  for 
the  beamwidth  of  the  Van  Atta  array  to  include  both  receiving  and  transmitting 
ground  stations,  the  gain  may  be  greatly  increased  over  the  conventional  Van 
Atta  array.  The  performance  of  this  array  at  X  band  may  be  comparable  to 
an  orbiting  spherical  reflector  having  a  3000  ft.  diameter. 

A  more  recent  satellite  data  transmission  system,  described 
by  S.  Andre  of  Sylvania  Electronics  Systems  (ref.  3.  5-29)i  uses  a  small 
amount  of  on-board  primary  power  to  operate  modulators  and  amplifiers  of 
low  power.  Two  sets  of  array  elements  are  used  on  this  satellite,  one  for 
receiving  and  one  for  transmitting,  which  are  interconnected  to  function  as 
a  single  adaptive  array.  The  set  of  receiving  elements  is  interlaced  with  the 
set  of  transmitting  elements  to  permit  both  arrays  to  occupy  a  common  sur¬ 
face  area  of  the  satellite.  Several  methods  are  used  to  isolate  the  two  sets 
of  elements  and,  thus,  to  enhance  the  system  stability  by  decoupling  the 
amplifier  input  and  output.  First,  the  receiving  set  of  elements  is  ortho¬ 
gonally  polarized  with  respect  to  the  transmitting  set  of  elements.  Next,  a 
freqviency  offset  is  used  in  conjunction  with  diplexers,  to  further  isolate 


the  input  from  the  output.  Fir.ally,  the  adjacent  elements  of  the  receiving 
and  transmitting  arrays  are  oriented  in  a  manner  that  provides  minimum 
coupling  without  an  undue  increase  in  array  aperture. 


Prior  to  the  initiation  of  data  transfer  the  satellite  power  is 
off,  preventing  unauthorized  use  of  the  satellite.  A  ground  terminal,  on  the 
portion  of  the  earth  visible  to  the  satellite,  transmits  a  "turn-on"  command 
to  the  satellite.  The  satellite  command  receiver  tests  the  received  signal 
and,  upon  receipt  of  a  correctly  coded  command  from  the  ground,  turns  on 
the  satellite  power  supply.  The  command  receiver  antenna  consists  of  a 
portion  of  the  adaptive  array  or  possibly  of  a  separate  antenna  associated 
with  the  telemetry  or  command  control  system. 

After  sending  the  initial  command,  the  ground  terminal  trans¬ 
mits  an  unmodulated  carrier  to  the  satellite  at  a  frequency  within  the  bandpass 
of  the  satellite  amplifiers.  After  reception  in  the  satellite,  the  signals  from 
the  array  elements  are  amplified  and  translated  in  frequency  by  the  satellite 
local  oscillator  frequency.  The  adaptive  array  then  retransmits  this  signal 
back  to  the  ground  terminal,  realizing  the  full  array  gain. 

After  the  system  is  completely  aligned,  a  second  command 
sent  to  the  satellite  starts  the  data  readout  to  the  satellite  modulator  which 
frequency  modulates  the  satellite  local  oscillator.  The  modulated  signal  is 
applied  to  the  received  carrier  via  the  mixers.  The  adaptive  array  con¬ 
tinually  redirects  the  received  beam  back  in  the  direction  of  the  transmitting 
ground  station  which  transmits  a  cw  signal  during  data  readout. 

Subsequent  to  data  readout,  appropriate  cc  mmands  can  again 
be  sent  to  the  satellite  to  terminate  the  link  and  disable  the  adaptive  antenna. 

In  a  hostile  environment,  complicated  authentication  codes  may  be  required 
to  prevent  capture  of  the  system  and  loss  of  data.  In  a  jamming  environ¬ 
ment  a  large  dynamic  range  in  the  satellite  Is  advantageous. 

The  adaptive  property  and  gain  of  an  adaptive  array  are 
realized  only  during  transmission  from  this  array,  thus  this  full  gain  is 
not  obtained  during  up-link  data  transmission.  This  is  usually  not  a  serious 
problem  since  large  ground  terminal  transmitter  powers  are  available.  The 
full  gain  of  the  adaptive  array  is  available  during  the  down-link  data  trans¬ 
mission  to  reduce  the  satellite  transmitter  power  and  the  primary  power 
requirements  by  90%  or  more. 

This  type  of  semi-active  satellite  data  transmission  system 
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could  be  modified  if  additional  primary  power  is  available  on  board  the 
satellite.  This  modification  involves  the  use  of  a  separate  active  adaptive 
antenna  array  system  for  receiving  the  up-link  signal  from  the  ground  station. 
An  adaptive  array  system  for  receiving  only  has  been  designed  by  Gangi 
(ref.  3,  5_30)f  using  a  separate  phase-locked  loop  for  each  antenna  element. 
The  acquisition  time  for  the  array,  or  whether  it  will  acquire  at  all,  is 
dependent  upon  the  signal  to  noise  ratio  in  each  antenna  element,  A  minimum 
S/N  ratio  of  about  10  db  was  chosen  to  ensure  that  noise  sp  kes  larger  than 
the  peak  signal  occur  less  than  0.1  percent  of  the  time.  The  S/N  ratio  after 
acquisition  improves  substantially,  depending  on  the  number  of  elements  in 
the  array  and  on  other  factors.  This  type  of  antenna  array  can  scan  and 
acquire  rapidly,  is  automatically  adaptive  to  signal  strength  and  to  noise 
spectral  density,  and  is  self-focusing.  Since  it  requires  a  separate  mixer, 
oscillator,  phase  detector,  phase  shifter,  and  loop  filter  for  each  antenna 
element,  it  has  the  disadvantage  of  requiring  a  substantial  amount  of 
primary  power  from  the  vehicle, 

A  program  has  been  underway  for  several  years  at  Ohio  State 
University  (ref.  3.5-15),  to  study  unified  designs  incorporating  RF  cir¬ 
cuitry  or  nonlinear  elements  as  integral  parts  of  antenna  configurations, 
to  perform  such  functions  as  multiplying,  amplifying,  mixing,  phase  shifing, 
tuning,  and  oscillating.  One  of  the  applications  is  for  an  electronically 
steerable  receiving  antenna  array.  A  detailed  description  of  the  digital 
steering  control  circuitry  was  given.  A  description  was  given  also  of  a 
wide-band  phase  detector  for  use  with  an  integrated  cavity-backed  slot 
"antennamitter ".  Further  information  has  been  given  in  two  earlier  Ohio 
State  University  reports  (refs.  3.  5-31,  -32)  on  other  techniques  for  inte¬ 
grating  solid-state  circuitry  into  antennas. 

3,  5.  3,  li  Conclusions  on  Passive  and  Semi-Active  Repeaters 

Several  types  of  passive  reflector  systems  may  be  useful  for 
temporary  replacement  of  the  primary  high  altitude  radio  relay  system. 

Most  of  the  passive  reflector  systems  have  a  low  gain  at  UHF  and  micro- 
wave  frequencies  and  even  less  in  the  VHF  frequency  range.  The  resulting 
system  transmission  path  loss  is  excessive  for  VHF  tactical  equipment 
and  is  marginal  for  the  UHF  and  microwave  point-to-point  line-of- sight 
links.  Several  of  the  passive  reflector  systems,  such  as  chaff  and  artificial 
electron  clouds  have  sufficient  system  gain  to  be  useful.  Chaff  reflectors 
may  be  emplaced  quickly  by  high  altitude  rockets  to  provide  a  short  duration 
temporary  replacement  for  a  ground  relay  station  that  has  been  destrc/yed  or 
has  failed.  Chaff  could  also  be  used  to  establish  a  new  temporary  po.nt-to- 
point  relay  path  during  a  short  duration  ground  tactical  operation. 

Artificial  electron  clouds  may  also  be  emplaced  quickly  by 


high  allitiide  rockets  to  provide  a  temporary  reflecting  area.  The  duration 
of  the  artificial  electron  cloud  may  be  made  somewhat  longer  tlian  the  chaff 
cloud  (60  minutes  duration  or  more  may  be  obtained  at  altitudes  over  115  kms) 
but  only  for  frequencies  of  20  MHz  or  below.  Both  the  effective  cross-section 
and  the  duration  drop-off  substantially  above  40  MHz  and  result  in  very  poor 
efficiency  for  the  UH”  and  the  microwave  frequencies.  The  resulting  poor 
agreement  between  the  best  reflecting  frequency  of  20  MHz  for  the  artificial 
electron  clouds  and  the  required  high  ground  station  gain,  obtainable  only 
at  200  MHz  to  10  GHz,  makes  this  technique  rather  ineffective. 

Spherical  reflector  balloons  have  too  low  gain,  are  expensive 
and  difficult  to  launch,  and  will  remain  in  an  effective  position  only  for  6 
to  8  hours  or  less.  They  also  take  quite  a  while  to  launch  and  get  into  position. 
Thus,  they  arc  a  poor  solution  to  the  high  altitude  radio  relay  system  problem. 

The  retrodirective  types  of  reflectors,  such  as  corner  reflec¬ 
tors,  Luneberg  lenses,  and  Van  Af*a  relrodirectivc  arrays  are  monostatic 
and  cannot  be  used  unless  the  angle  between  the  receiving  path  and  the  trans¬ 
mitting  path  is  quite  small.  To  keep  this  angle  small,  the  distances  from 
the  receiver  to  the  reflector  and  the  transmitter  to  the  reflector  will  be  pro¬ 
bably  much  greater  than  the  direct  distance  from  the  receiver  to  the  trans¬ 
mitter,  with  a  resulting  excessive  transmission  path  loss. 

Orbiting  dipoles,  such  as  the  type  used  in  the  West  Ford  ex¬ 
periment,  have  such  low  gain  that  only  a  high-gain  low-noise  tropospheric 
scatter  relay  system  would  receive  a  usable  signal  from  the  orbiting  dipoles. 
The  signal  level  would  be  far  below  the  level  required  by  point-to-point 
line-of-sight  relay  systems. 

Grated  arrays  would  have  somewhat  better  performance  than 
the  spherical  reflector  balloon.  These  array  types  would  require  free  or 
tethered  balloons  as  supporting  vehicles  and  thus  would  have  all  the  cost  and 
logistics  disadvantages  of  balloon  systems,  as  well  as  the  added  complexity 
of  the  grated  arrays. 

Semi-active  relays,  using  one  or  two  Van  Atta  retrodirective 
antenna  arrays,  would  provide  sufficient  gain  for  most  of  the  UHF  and 
microwave  point-to-point  relay  applications  of  the  high  altitude  radio  relay 
systems.  The  primary  power  requirements  would  be  quite  moderate  and 
could  be  provided  easily  on  unmanned  vehicles,  such  as  balloon.  The  an¬ 
tenna  arrays  could  be  <lesigned  also  to  provide  a  substantial  gain  with  no 
orientation  requirements  in  azimuth.  The  amount  of  gain  and  power  output 
of  the  semi-active  relay  may  be  adapted  to  the  amount  of  primary  power 
available  on  the  vehicle.  The  primary  power  supply  on  board  a  free  balloon 
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would  probably  be  quite  limited,  due  to  th'  weight  of  batteries.  If  a  d.  one 
or  manned  aircraft  is  used  for  the  airborne  vehicle,  considerable  power 
could  be  supplied  to  the  semi-active  repeater  system.  These  semi-active 
systems  thus  seem  to  be  an  excellent  engineering  compromise  for  a  passive 
or  semi-active  repeater  system,  A  selected  bibliography  on  passive  and 
semi-active  repeaters  has  been  included  in  Section  3.  6. 


/ 
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3.  5.4 


RADA  Compatibility 


The  ECOM  RADA  (Random  Access  Discrete  Address)  program 
is  directed  toward  development  of  a  division  area  UHF  radio  equivalent  of 
an  automatic  telephone  exchange  (ref,  3.  5-33).  The  switching  function  is  distri¬ 
buted  among  the  subscribers,  so  that  each  basic  subscriber  unit  (BSU)  may 
select  any  other  such  unit,  or  may  operate  through  a  retransmission  unit 
(RTU)  which  provides  extension  of  the  BSU  range  and  interconnecting  with 
wireline  or  radio  facilities.  The  currently  anticipated  application  is  to 
divisions,  combat  battalion  headquarters  and  combat  support  company 
communications.  The  RADA  technique  permits  communication  while  the 
division  is  moving,  and  requires  a  minimum  of  set-up  time  to  re-establish 
the  complete  communications  network.  It  should  be  noted  that  RADA  as 
now  planned  does  not  concern  replacement  or  augmentation  of  tactical  FM 
network  functions. 

There  are  several  areas  in  which  the  RADA-HARR  inter¬ 
face  may  be  considered: 

1.  Use  of  basic  subscriber  units  for  interconnection 
with  HARR  platform. 

2.  Use  of  HARR  platfcrm  for  elevated  retransmission 
unit  locations. 

3.  Use  of  HARR  multichcinnel  repeater  for  interconnec¬ 
tion  of  distant  RTU's. 

4.  Use  of  RADA  signalling  techniques  in  tactical  back¬ 
pack  radio  application. 

The  first  application  would  provide  interconnection  of  the  division  area  net¬ 
work  with  the  combat  groups  served  by  the  HARR  repeater.  Use  of 
more  than  one  BSU  at  the  repeater  platform  may  not  be  feasible  in  view 
of  interference  between  the  units.  Multichannel  interconnection  with  tactical 
networks  may  require  the  use  of  a  RTU  equipment.  The  nature  of  most 
tactical  communication  is  such  that  the  connection  of  the  division  area  net¬ 
work  and  tactical  networks  may  be  of  doubtful  value. 

The  second  area  for  RADA-HARR  application  is  the  shared 
use  of  the  HARR  platform  for  the  RTU.  Use  of  an  elevated  RTU  has  been 
considered  in  a  phase  of  the  present  RADA  program  (ref.  3.  5-34).  The 
results  of  this  Martin-Marietta  RADA  airborne  relay  study  show  that 
simple  repeaters  and  frequency  translators  have  been  found  to  be  unacceptable 


139 


for  use  with  their  RADA  system.  The  main  problem  was  possible  inter¬ 
ference  with  established  system  messages.  They  conclude  that  logic  and 
chcinnel  search  procedures  must  be  included  in  the  RADA  airborne  relay. 
They  recommend  a  reduced  capacity  retransmission  unit  (RTU)  with  mini¬ 
mum  special  functions  as  the  best  airborne  relay  configuration  for  RADA. 
The  special  functions  of  conference  calls,  warning  broadcast,  data  capa¬ 
bility,  etc.  were  considered  unnecessary.  Because  of  the  elevation  of  the 
airborne  relay,  it  has  the  added  disadvantage  that  it  must  contend  with  the 
RADA  activity  in  adjacent  divisions  as  well  as  its  own  division;  therefore, 
its  channel  search  time  may  be  increased  significantly. 

The  areas  in  which  compatibility  should  be  evaluated  are; 

a.  Gro\ind  coverage  areas  for  RADA  RTU  and  HARR 

b.  RF  compatibility  of  RTU  and  platform  air -ground  UHF 
equipment. 

c.  Physical  locations  on  platform  for  RTU  and  HARR 
antenna  assemblies. 

d.  Volume,  weight,  and  power  sharing  with  HARR 

e.  Operator  requirements. 

These  factors  have  not  yet  been  considered,  pending  further  definition  of 
HARR  and  RADA  requirements. 

In  using  the  HARR  multichannel  relay  as  an  interconnecting 
link  between  RTU  equipments,  the  HARR  equipment  and  its  corresponding 
ground  terminals  simply  supply  4-wire  duplex  telephone  circuits,  which 
will  be  directly  compatible  with  the  RADA  terminal  equipment.  This  use 
of  the  HARR  is  identical  to  that  provided  in  interconnecting  distant  wire- 
line  or  radio  circuits  with  an  elevated  relay  equipment. 

The  last  area  of  application  of  the  RADA  technique  is  that  of 
providing  a  multiple  access  capability  for  tactical  networks  now  served  by 
limited-subscriber  FM  networks.  Questions  to  be  answered  here  include; 

a.  Is  there  a  need  for  direct  access  between  each  sub¬ 
scriber  in  existing  FM  networks? 

b.  Are  bandwidth  requirements  of  RADA  compatible  with 
jungle  propagation  restrictions  on  operating  frequency? 


140 


c.  Does  a  RADA  terminal  necessarily  require  full  duplex 
operation? 

d.  Is  the  RADA  modulation  format  compatible  with  clutter 
return  characteristics  of  jungle  or  mountainous  terrain? 

e.  How  does  jamming  and  interference  performance  com¬ 
pare  with  existing  techniques? 

f.  How  much  is  compatibility  with  existinct  FM  pack-set 
and  vehicular  equipment  worth? 

g.  Can  weight,  battery  life,  initial  and  operating  cost  and 
performance  compete  with  FM? 

h.  Is  there  a  threat  of  use  by  the  enemy  of  a  captured 
RADA  set  to  elicit  automatic  subscriber  set  responses  for 
direction  finding  and  fire  control? 

It  is  evident  that  the  automatic  switching  implicit  in  the  RADA  technique  pro¬ 
vides  a  more  rapid  person-to-person  connection  capability  than  the  attended 
HARR  repeater  envisioned,  but  whether  the  person-to-person  mode  is  use¬ 
ful  and  necessary  for  coordinating  tactical  operations  on  a  company,  platoon, 
or  squad  level  basis  is  doubtful, 

A  review  of  earlier  RADA  techjiiques  was  conducted  in  an  effort 
to  determine  whether  the  modulation  modes  were  compatible  with  the  tactical 
radio  environment.  A  resulting  bibliography  of  RADA  and  multiple  access 
references  is  included  in  Section  3.  6, 
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3.  5.  5  Review  of  Contemporary  Relay  Efforts 

3.  5.  5.  1  General 

The  following  brief  paragraphs  describe  several  contem¬ 
porary  relay  efforts,  some  of  which  have  been  cited  elsewhere  in  the  re¬ 
port.  These  efforts  are  directed  at  several  different  applications  and 
have  met  with  varying  degrees  of  success. 

3.5.  5.2  Motorola,  F^-F^Re^y 


A  modified  AN/PRC-25  has  been  applied  to  relaying 

by  Motorola,  Inc.  for  the  Army  Avionics  Laboratory  (ref.  3.  5-3  5).  Switch¬ 
ing  is  at  a  37.  5  kH^  rate  and  a  33%  transmit  duty  cycle  is  used.  The  re¬ 
ferenced  report  indicates  the  necessary  modifications  to  the  AN/PRC-25. 
Satisfactory  operation  was  obtained  in  the  laboratory.  Evaluation  in  a 
helicopter  platform  had  not  been  completed  at  the  last  report. 

3.  5.  5.  3  Litcom  "Junglebuoy" 

The  "Junglebuoy"  is  a  helicopter -type  container  developed 
by  the  Litcom  division  of  Litton  Industries  for  a  ^’ariely  of  air-drop  appli¬ 
cations  (ref.  3.  5-36).  Contra-rotating  helicopter  bi  des  permit  accurate 
and  controlled  positioning  of  the  relay  or  beacon  pacl:age  in  the  jungle 
canopy. 


Three  simplex  relay  configurations  have  been  tested  (ref. 
3.  5-37)  designated  A,  B,  and  C; 


A: 

VHF 

FM/FM  relay 

B: 

VHF 

FM/AM  relay 

C: 

VHF 

AM/UHF  AM 

Power  output  of  each  unit  is  5  watts,  and  each  functions  as  a  frequency  trans¬ 
lating  relay.  A  field  test  of  the  "A"  version  in  Viet  Nam  (ref.  3.  5-38)  indi¬ 
cated  that  the  range  of  ground-based  AN/PRC-25  and  AN/VRC-12  was  reduced 
to  about  65%  of  the  non-relayed  range  with  the  Junglebuoy  either  at  ground 
level  or  elevated  30  feet.  It  was  concluded  that  the  Junglebuoy  in  its  present 
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configuration  was  not  suitable  for  tactical  communications  range  extension. 

3.  5.  5.  4  Prodel,  S.p.A.  Mobile  Radio  Repeater 

An  Italian  firm,  Prodel,  S.p.A.  has  developed  a  solid- 
state  frequency  translating  simplex  relay  for  single -channel  VHF  -  FM 
mobile  communication,  for  extending  the  range  of  patrol  car  radios  (ref. 

3.  5-39).  This  relay  uses  separate  receiving  and  transmitting  antennas 
100  feet  apart  to  achieve  an  initial  35  db  R-T  isolation,  in  addition  to  the 
isolation  provided  by  diplexing  filters.  Receive-transmit  frequency  sep¬ 
aration  is  only  500  kHz,  so  design  of  diplexing  filters  with  necessary  re¬ 
jection  and  low  insertion  loss  was  a  considerable  problem.  They  experienced 
difficulty  with  activation  of  the  relay  squelch  (hence  activation  of  the  trans¬ 
mitter)  by  distant  co-channel  signals. 

3.  5.  5.  5  Sylvania  Balloon-Drone  Borne  Repeater 

Under  an  RADC  contract,  Sylvania  modified  an  AN/PRC -71 
UHF  transceiver  as  a  simplex  frequency -translating  UHF  relay  (ref.  3.  5- 
40).  Successful  drone  and  balloon-borne  tests  were  conducted  at  Holloman 
AFB,  New  Mexico.  The  relay  package  withstood  operation  at  80,000  feet 
and  temperatures  to  -76°C.  The  relay  provides  10  watts  power  output, 
diplexing  for  single-antenna  operation,  and  60  MHz  frequency  separation. 
Performance  was  generally  in  agreement  with  predictions.  Fading  was 
noted  in  the  balloon  tests  corresponding  to  nulls  in  the  AS-  1097  antenna 
pattern  as  the  relay  payload  swung  beneath  the  balloon. 

3.  5.  5.  6  Pye  Telecommunications,  Ltd.  Synchronous  Stable  Relay 

Pye  Telecommunications,  Ltd.  has  developed  a  common- 
frequency  Fj^-Fj  non-switching  relay  for  extending  the  range  of  UHF  mobile 
communication  systems  (ref.  3.  5-41).  This  relay  makes  use  of  spaced 
( 100- 150)’ cros s -polarized  directional  antennas  to  enable  gains  of  the  order  of 
120-130  db  to  be  used.  No  difficulty  was  experienced  with  aircraft  reflected 
signals.  The  requirements  for  directional  antennas  with  considerable  front- 
to-back  ratio  and  for  substantial  spacing  would  preclude  applications  to  an 
airborne  relay. 

3.  5.  5.  7  Electronic  Communications,  Inc.  Multichannel  Relay 

Electronic  Communications,  Inc.  has  reported  results  of 
air  to  ground  15  channel  FDM-FM  duplex  relay  tests  (ref.  3.  5-42),  using 
the  AN/ARC-89{V)  UHF  relay  equipment.  While  the  channel  capacity  is 
normally  12  channels  a  second  multiplexer  was  employed  to  insert  3 
channels  from  0.  3  to  12  kHz.  Reliable  operation  over  ranges  of  210  nau¬ 
tical  miles  from  air  to  ground  and  400  nm  from  aircraft  to  aircraft  has 
been  demonstrated. 
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3.  5.  5. 8 


Tactica  1  Air  Command  RRQ-5F  Relay  Pod 


The  Special  Air  Warfare  Center  of  the  Tactical  Air  Comm¬ 
and  has  developed  an  aircraft-mounted  relay  pod  containing  two  AN /PRC - 
25  transceivers  connected  in  the  frequency-translating  mode.  The  report 
(ref.  3.  5-43)  indicates  that  the  operation  of  the  relay  pod  was  satisfactory, 
and  suggested  remote  frequency  selection  from  the  cockpit  as  the  princi¬ 
pal  modification. 

3.  5,  5.  9  Lincoln  Laboratory  Tactical  VHP  Relay 

Lincoln  Laboratory  has  built  a  switching-type  F.-F.  relay 
package,  for  use  with  VHF  tactical  radio  equipment  of  the  AN/PRCr-25 
variety  (ref.  3.  5-44).  A  switching  rate  of  20  kHz  was  used,  with  a  20% 
transmit  duty  cycle.  The  relay  was  demonstrated  over  a  13  mile  circuit, 
with  the  relay  package  in  a  helicopter  at  5000  feet  altitude  at  mid-path. 

The  antenna  pattern  from  the  helicopter  was  noted  to  have  12  db  nulls, 
which  caused  noticeable  fading.  Interference  from  other  services  in  the 
frequency  range  employed  was  noted,  as  was  self -jamming  due  to  PRC -2 5 
overmodulation. 
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SECTION  4 


PLATFORM  SYSTEMS 


4.1  OBJECTIVE 

The  objective  of  the  platform  analysis  is  to  select  at  least  three  preferred 
platform  candidates  to  be  combined  with  the  recommended  repeaters  and  form 
the  initial  HARR  system  alternatives. 

4.2  PLATFORM  STUDY  REQUIREMENT 

The  platform  analysis  as  outlined  in  the  HARR  Study  Technical  Guidelines, 
14  April  1965,  is  based  on  a  cost  and  operational  effectivenei?s  study  involving 
airborne  platforms  conceived  during  the  course  of  the  study  or  those  categorized 
as: 


a.  High -altitude  balloons 

b.  Rocket-launched  platforms 

c.  On-station  aircraft 

d.  Synchronous  communication  satellites 

As  the  result  of  recommendations  made  at  joint  ECOM/HARR  study  team 
meetings,  activity  undertaken  during  the  first  half  of  the  study  concentrated  on  an 
initial  configuration  developed  from  existing  inventory  platforms  and  repeaters. 

In  keeping  with  this  recommendation,  only  those  platforms  are  included  which 
meet  initial  system  configuration  requirements.  Any  exclusion,  however,  was 
possible  only  when  investigation  disclosed  that  at  least  a  year  of  research  and 
development  was  necessary  prior  to  procurement. 

4.3  APPROACH 

The  approach  used  in  selecting  the  three  or  more  platform  finalists  was: 
investigate  all  likely  prospects;  eliminate  enough  of  these  to  make  a  manageable 
number  on  the  basis  of  procurement  and  operational  considerations;  and  narrow 
down  to  the  final  three  or  more  by  entry  into  a  cost-effectiveness  trade-off. 

Since  a  stipulation  of  the  study  was  that  the  feasibility  of  the  use  of  j;andom 
military  aircraft  as  repeater -bearing  platforms  be  investigated,  this  analysis  was 
undertaken  in  addition  to  the  platform  selection. 
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4.4 


RANDOM*  AIRCRAFT  SORTIE  DISTRIBUTION  ANALYSIS 


An  initial  task  in  the  platform  analysis  was  to  test  the  feasibility  of 
placing  a  repeater  package  on  all  available  South  Viet  Nam  U.S.  military  aircraft. 

A  critical  problem  in  the  pursuit  of  the  "random  military  sortie  distri¬ 
bution"  approach  was  to  find  sufficient  South  Viet  Nam  aircraft  flight  operation 
data  to  make  the  analysis  reliable.  First,  effort  was  expended  in  seeking  out 
Viet  Nam  aircraft  oortie  simulation  models  that  could  be  adapted  to  the  desired 
requirement.  One  of  these  models  was  found  at  Mitre  Corporation  in 
Burlington,  Massachusetts.  A  specific  investigation  of  this  model  disclosed 
that  in  its  existing  form  it  could  only  handle  U.S.  Air  Force  aircraft  and  that 
the  introduction  of  Army  and  Navy  aircraft  parameters  would  require  additional 
coding.  Therefore,  other  methods  of  obtaining  reliable  distribution  values  had 
to  be  explored.  The  most  promising  of  these  appeared  to  be  a  special  probability 
analysis.  Obviously,  the  credibility  of  the  results  is  only  as  good  as  the  data  used. 
Work  then  concentrated  on  finding  reliable  Vietnam  sortie  information  that  was  in 
sufficient  quantity  and  distribution  to  make  the  conclusions  significant.  Such  a 
data  source  was  found  in  the  Pacific  Air  Force  Management  Summary,  which  is 
issued  quarterly. 

Since  the  classification  of  this  sortie  data  is  SECRET,  the  distribution 
computations  and  results  obtained  directly  from  the  classified  material  are  not 
included  herein.  The  restricted  data  used  gives  destinations,  origins,  sortie 
rates,  operational  times,  typical  mission  profiles,  and  considerable  pertinent 
information  on  ARVN  theater  military  aircraft  operations  during  the  past  two 
years.  Only  that  portion  of  the  analysis  and  the  results  that  have  been  authori¬ 
tatively  determined  as  unclassified  are  included  in  the  aircraft  distribution 
discussion  in  the  following  paragraphs.  All  data  were  for  daylight  operations 
only. 

4.  4.  1  Results.  Figure  4-1  is  the  probability  map  for  random  aircraft  to  provide 
a  platform  where  needed  during  an  assumed  12-hour  daylight  operating  period. 

The  values  adjacent  to  the  contour  lines  are  the  probabilities  that  a  ground  unit 
will  be  within  range  of  any  airborne  platform  at  a  randomly  selected  time.  It 
apperrs  that  random  aircraft  will  not  serve  the  purpose  of  HARR  except  in  the 
delta  where  the  C-123  alone  ensures  availability  of  a  platform.  This  is  due  to 
altitude  and  flat  terrain  and  assumed  high-altitude  special  operations.  The 
relatively  "high  coverage"  ridge  from  Pleiku  to  Phu  Bai  resultP  from  the  assump¬ 
tion  that  strikes  were  channeled  via  that  route. 


*"Random"  means  randomly  distributed  as  to  place  or  time. 


4.  4.  2  Methodology.  The  effectiveness  measure  is  expressed  as  follows: 


where 


C.  =  1  -  2.  (1  -  P..) 
I  J  ij 


P..  =  K..  F.. 


F..  =  the  fraction  of  total  time  during  which  a  platform  of  type  j 
is  in  zone  i.  When  n  platforms  of  type  j  may  be  in  zone  i 
simultaneously: 

1  -  F..=  (1  -  f..)" 

where  f . .  is  the  fraction  of  total  time  spent  in  zone  i  by  each 

ij 

of  the  n  platforms. 

K. ,  =  that  fraction  of  the  area  of  zone  i  which  is  covered  by  a  platform 
of  type  j  v/hen  it  is  in  zone  i. 


P. .  =  the  probability  that,  at  a  randomly  selected  instant,  a  platform 
of  type  j  is  available  to  a  ground  station  in  zone  i. 

C.  =  the  probability  that,  at  a  given  instant,  any  platform  is  within 
range  of  a  ground  station  in  zone  i. 


NOTE 

The  assumption  of  independence  implicit  in  the  foregoing  is  not 
strictly  true  in  all  cases.  In  those  cases  where  the  assumption 
is  not  valid,  it  is  sometimes  possible  to  treat  the  situation  as 
made  up  of  properly  mutually  exclusive  events.  For  example, 
in  the  case  of  a  few  aircraft  transiting  South  Viet  Nam  enroute  to 
Laos  or  North  Viet  Nam  for  long  periods  on  station,  the  times  of 
transiting  a  given  zone  are  probably  not  independLjnt  since  one 
aircraft  relieves  the  other.  Accordingly,  in  the  calculations  the 
periods  spent  in  a  zone  are  add»*d.  As  another  example,  in  the 
case  of  numerous  small  aircraft  such  as  FAC  operating  from  a 
single  base,  flight  paths  and  distinations  are  almost  certainly 
not  independent  on  a  short-term  basis.  However,  over  a  long 
period  of  time  the  distribution  of  aircraft  locations  may  be 
nearly  uniform  over  an  appropriately  selected  area.  The  approx- 
mation  introduced  by  making  the  assumption  of  independence  is 
appropriate  to  a  relatively  long  period  of  time. 
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4.4.  2.  1  Computations .  This  analysis  makes  use  of  data  from  operational 
bases  and  the  aircraft  which  makes  use  of  the  bases.  After  applying  the  pro¬ 
bability  factors  shown  in  paragraph  4.4.  2  for  C^,  the  computational  results 
were  plotted  on  a  map  of  South  Viet  Nam  similar  to  that  shown  by  Figure  4.  1. 
Contour  lines  were  drawn  as  isobars  connecting  the  equal  probability  points. 

A  significant  part  of  the  computations  was  "the  cone  of  coverage"  determined 
for  each  sortie  considered.  This  cone  of  coverage  was  drawn  from  the  posi¬ 
tion  of  the  aircraft  to  the  ground.  A  terrain  analysis  made  of  each  portion  of 
South  Viet  Nam  plus  the  height  of  the  aircraft  determined  the  amount  of  area 
covered  by  the  cone.  A  "line  of  sight"  value  taken  from  the  ground  to  the  air¬ 
craft  and  the  range  capability  of  the  PRC-25  determined  the  dimensions  of  the 
cone.  The  percent  of  time  aircraft  would  be  in  the  vicinity  gave  the 
values.  When  there  was  a  probability  of  more  than  one  aircraft,  Fy  became 
a  compound  value. 

4.  5  PLATFORM  SELECTION  ANALYSIS 

4.  5.  1  Problem.  A  dual  problem  governed  the  treatment  of  platform  capa¬ 
bilities.  This  was  the  ability  to: 

a.  Penetrate  tropical  foliage 

b.  Avoid  terrain  masking 

It  was  found  that,  although  it  would  be  most  desirable  to  have  a  plat¬ 
form  responsive  to  both  problem  considerations,  certain  candidates  did  not 
lend  themselves  to  more  than  foliage  penetration.  As  a  consequence  the 
analysis  was  divided  into  two  portions:  that  dealing  with  special  platforms 
which  could  primarily  handle  the  foliage  penetration  problem,  and  that  deal¬ 
ing  with  platforms  which  could  take  care  of  the  terrain  masking  avoidance  as 
well  as  the  foliage  penetration. 

4.  5.  2  Foliage  Penetration  Candidates.  Although  the  guidelines  of  the  study 
prescribed  a  minimum  altitude  limit  of  1,000  feet,  certain  platforms  were 
examined  that  customarily  would  be  put  at  altitudes  below  this  height. 

4.  5.  2.  1  Tethered  Balloons.  Tethered  balloons  have  been  used  with  some 
success  by  the  Army  of  the  Republic  in  Viet  Nam  (ARVN)  forces  in  South 
VietNam.  The  ARVN  commanders  have  liked  them  for  fairly  fixed  locations 
and  are  unconcerned  about  the  disclosure  of  location  due  to  the  tether  line, 
since  their  positions  are  already  known  to  the  Viet  Cong. 

The  antennas  used  for  the  ARVN  balloons  were  normally  HF,  and, 
although  conventionally-shaped  balloons  were  used,  the  buffeting  of  the  plat¬ 
form  did  not  present  a  problem  until  the  winds  became  quite  high.  In  fact,  it 
was  found  that  the  tilt  angle  of  the  antenna  had  little  effect  on  propagation  up 
to  an  angle  of  30  degrees. 


191 


'7 


G.  T.  Schjeldahl  Company  currently  is  developing  a  tethered 
balloon-borne  antenna  system  for  NATO  to  extend  15,  000  feet  above  sea 
level.  The  balloon  is  a  70,  000  cubic  foot  natural  shape  envelope  {55-foot 
diameter)  using  the  tether  line  for  VLF  quarter-wave  antenna  cable,  "’he 
cable  weight  is  125  pounds  per  thousand  feet  of  length.  The  high-altitude 
winds  have  restricted  the  on-station  time  of  this  balloon  system  from  40  to 
80  percent. 


Instead  of  the  Schjeldahl  antenna  supporting  device,  a  tethered 
balloon  system  more  suited  to  the  HARR  mission  would  be  an  aero-dynami- 
cally-shaped  envelope  such  as  that  shown  in  Figure  4-2.  The  shape  of  the 
balloon  will  enable  it  to  maintain  greater  airborne  stability  than  if  it  were 
given  the  more  conventional  pear  or  spherical  shape.  The  payload  package 
carried  by  the  balloon  indicates  that  it  could  be  used  as  a  repeater.  A  simi¬ 
lar  balloon  system  is  described  in  DDC  document  AD  445  943,  "Tactical 
Jungle  Communication  Study." 

A  disadvantage  often  associated  with  the  tethered  balloon  is  its 
hazard  to  flying  aircraft.  For  the  HARR  application,  balloons  would  probably 
be  flown  at  altitudes  between  2000  to  5000  feet  rather  than  the  much  higher 
altitudes  planned  for  the  NASA  balloons.  However,  even  at  these  lower  alti¬ 
tudes  a  series  of  tethered  balloons  carrying  hard-material  payload  packages 
would  provide  considerable  flight  crew  concern. 


4.  5.  2.  1.  1  Tethered  Balloon  Employment.  Forward  area  employment  of 
tethered  balloons  designed  for  the  HARR  mission  could  be  at  three  recom¬ 
mended  echelons.  A  light-weight  two-channel  balloon  configuration  could  be 
designed  to  carry  a  payload  of  48  pounds.  It  is  estimated  to  cost  $3,  000  for 
platform  and  tether  line  only.  This  configuration  would  be  tethered  near  a 
company  command  post  and  would  be  used  to  service  patrol  and  squad  units. 
The  proposed  altitude  would  be  from  2000  to  3000  feet. 

A  second  configuration  might  be  designed  to  carry  a  six-channel, 
282-pound  payload.  It  is  recommended  that  it  be  used  at  company  or  battal¬ 
ion  headquarters  and  be  flown  at  an  altitude  of  3000-5000  feet.  Its  estimated 
platform  and  tether  line  cost  is  $7,100. 

The  third  configuration  might  be  a  14-channel,  628-pound  carry¬ 
ing  tethered  system.  Its  recommended  tethered  position  would  be  at  battalion 
headquarters.  It  also  would  fly  at  between  3000  and  5000  feet.  Its  estimated 
cost  would  be  around  $12,  000.  Unless  a  means  was  found  for  ground-based 
channel  control,  a  14-channel  balloon-borne  relay  could  very  easily  introduce 
mutual  interference  problems. 

Balloon  costs  versus  the  payload  weight  are  given  by  the  curve 
shown  in  Figure  4-3. 
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Figure  4-3.  Payload  vs.  Estimated  Cost  for  Various  Tethered  Balloon  Configuration 


4.  5.  2.  i.  2  Tethered  Balloon  Support.  A  70-hour  life  is  estimated  for  the 
batteries  each  recommended  balloon  system  would  carry.  In  each  case  it  is 
felt  advisable  that  a  two-balloon  arrangement  be  used  with  the  relief  balloon 
launch  occurring  in  order  that  the  on-station  balloon  can  be  brought  down 
without  a  break  in  the  relay  service.  In  this  case  a  timing  device  would  have 
to  be  used  to  make  sure  both  repeaters  were  not  active  at  the  same  time.  A 
one-hour  turn-around  time  is  estimated  on  the  assumption  that  at  least  at  the 
company  level  the  batteries  would  be  circulated  by  airlift.  A  critical  problem 
encountered  during  the  ARVN  tethered  balloon  experience  was  the  loss  of  bal¬ 
loons  and  their  payload  due  to  breaking  or  snagging  of  the  tether  line  in  high 
winds.  This  would  mean  that  a  fairly  large  replenishment  of  balloons,  re¬ 
peaters,  and  line  should  be  kept  on  hand. 

A  reference  used  to  determine  the  balloon  configuration  and 
tethering  characteristics  is  the  paper,  "Capability  of  Captive  Balloon 
Systems,"  given  by  J.A.  Menke  at  the  1963  AFCRL  Scientific  Balloon 
Symposium. 


The  greatest  problem  in  forward  area  support  of  a  balloon 
would  probably  be  in  providing  for  the  necessary  hydrogen  or  helium.  A 
balloon  capable  of  supporting  a  100 -pound  payload  at  the  higher  altitudes 
required  about  six  cylinders  of  helium  which  weigh  about  1100  pounds.  The 
use  of  the  hydrogen  generator  AN/TMQ-3  would  considerably  lessen  the  logis¬ 
tics  problem,  but  its  use  is  both  time  consuming  and  dangerous. 

Aside  from  the  gas  supply  equipment,  the  ground  support 
required  to  operate  the  balloon  platform  would  be  the  tether  cable,  winch, 
ground  plates,  and  ground  handling  and  protection  cloths  needed  for  the  infla¬ 
tion  gas.  If  hydrogen  is  used,  the  ground  equipment  might  be  provided  to 
manufacture  it  from  chemicals  that  have  been  brought  in,  but  the  advantage  of 
this  method  of  supply  will  have  to  be  weighed  against  the  use  of  a  highly  com¬ 
bustible  gas. 

4.  5.  2.  2  Treetop  Rslay  Platform.  The  treetop  relay  platform  consists  of 
a  gas -inflated  structure  designed  to  bear  on  the  generally  dense  and  continuous 
upper  surface  of  tropical  vegetation  and  support  a  50 -pound  relay  payload  at  its 
center. 

4.  5.  2.  2.  1  Description.  The  platform  structure  (see  Figure  4-4)  is  circu¬ 
lar  in  shape,  twelve  feat  in  diameter.  The  tubular  structure  has  an  8.  5-inch 
diameter  outer  rim  and  a  12-inch  tube  inner  hub  in  the  form  of  a  torus  which 
encircles  the  oayload  at  the  center.  Eight  tubular  (spoke)  beams  between  the 
rim  and  hub  provide  stiffness  to  the  platform  for  bridging  bearing  voids  with¬ 
in  the  12-foot  span.  The  top  of  the  platform  is  a  flat  sheet  covering  the  full 
circle  and  bonded  to  the  tubular  structure.  Two  cylinders  containing  2 pounds 
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each  of  CO2  gas  (at  approximately  1800  psi)  mount  adjacent  to  the  relay 
assembly.  Valves,  triggered  by  the  pull  of  a  lanyard,  exhaust  the  stored  gas 
into  the  43 -cubic -foot  volume  of  the  platform  for  inflation. 

The  radio  sets  and  CO2  vessels  mount  directly  to  a  30-inch  dia¬ 
meter  hard  panel  which  bears  on  the  inner  torus.  This  panel  also  serves  as 
the  top  of  the  undeployed  packed  system  during  storage  and  delivery.  The 
flexible  portion  of  the  platform  folds  and  is  packed  into  the  annular  space 
between  the  30-inch  outer  diameter  and  the  relay  and  inflation  hardware  at  the 
center,  to  a  15-inch  depth.  A  thin,  frangible  plastic  case  contains  and  pro¬ 
tects  the  folded  flexible  portion  of  the  platform  assembly  during  storage  and 
delivery  until  inflation  pressure  is  applied  for  deployment.  If  a  parachute  is 
used,  it  is  contained  in  a  deployment  bag  atop  the  relay  mounting  panel. 

Modern  strong  imporous  balloon  materials  are  used  in  the  infla¬ 
table  structure.  A  nylon  fabric,  mylar  film  laminate,  is  recommended. 

The  top  sheet  is  of  similar  material,  but  with  an  aluminized  surface  to  pro¬ 
vide  a  ground  plan  for  the  relay  system.  Based  on  use  of  the  above  materials, 
a  flexible  structure  of  7  •pounds  is  estimated.  A  total  weight  for  the  system 
is  itemized  below; 


Inflatable  structure 

7.  1  pounds 

CO_  gas  (2.05  per  cyl. ) 

4.  1  pounds 

Two  96-inch  cyl.  and  valves 

12.  9  pounds 

Mounting  panel  and  brackets 

4.  0  pounds 

Relay,  antenna  and  batteries 

50. 0  pounds 

Parachute  and  pack 

2.  2  pounds 

80. 3  pounds 

The  stowed  system  ready  for  deployment  is  30-inches  in  diameter 
and  15-inches  high  occupying  6.2  cubic  feet. 

4.  5.  2.  2.  2  Deployment.  Two  methods  of  deployment  are  considered: 
aerial  delivery  and  helicopter  deployment.  If  the  tree  canopy  is  consistent 
and  compatible  with  the  bearing  area  of  the  platform,  the  air-drop  delivery 
will  provide  rapid  and  efficient  deployment.  Stations  can  be  at  selected 
points  (identified  on  a  map)  to  be  traversed  by  the  cargo  aircraft.  A  series 
of  treetop  relay  stations  then  would  be  static-line  deployed  in  a  timed 
sequence.  Airdrop  may  be  performed  at  any  suitable  altitude  (1500  to  5000 
feet  or  higher),  under  good  or  poor  visibility  conditions. 

The  deployment  sequence  (Figure  4-5)  starts  with  the  release  of 
the  80-pound  package  from  the  aircraft,  followed  by  static  line  deployment  of 
an  11 -foot  diameter  ringslot  parachute.  As  the  parachute  starts  to  inflate, 
the  opening  and  deceleration  force  pulls  the  lanyards  between  parachute  riser 


and  CO2  valves  at  the  package.  The  flexible  platform  then  bursts  its  thin 
encasement  shell  and  rapidly  inflates  to  full  size.  The  platform,  stabilized 
by  the  parachute,  descends  to  the  jungle  canopy  to  hold  a  position  for  opera¬ 
tion.  After  the  parachute  settles,  a  timed  switch  operates  to  extend  the  whip 
antenna  and  energize  the  relay. 

For  an  inconsistent  free  canopy,  a  deployment  by  helicopter 
(Figure  4-6)  is  recommended.  The  78-pound  package  (v/ithout  parachute) 
would  be  lowered  on  a  cable  below  the  hovering  craft  to  the  jungle  canopy. 
Inflation  of  the  platform  should  be  initiated  well  below  the  helicopter  to  avoid 
instability  from  down-wash  air  currents.  The  platform  would  not  be  released 
until  it  had  assumed  a  satisfactory  bearing  on  the  trees.  Following  release, 
the  antenna  would  extend  by  pyrotechnic  actuation;  then  relay  operation  would 
commence. 

4.  5.  2.  2.  3  Retrieval.  A  battery  life  of  70-hours  may  be  feasible  with  inter¬ 
mittent  power  to  the  transmitter.  The  relay  station's  usefulness  is  over  when 
the  power  fails.  Therefore,  retrieval  and  replacement  may  be  feasible.  A 
retrieved  relay  station  can  be  refurbished  simply  by  recharging  batteries, 
recharging  CO2  cylinders,  resetting  timers,  replacing  pyrotechnics  and 
repacking  the  assembly  in  storage  and  deployment  status, 

4.  5.  2.  2.4  Cost.  Based  on  life  raft  production  cost  data,  the  platform 
system  without  relay  and  batteries  should  be  about  $420  each. 

4.  5. 2.  2.  5  Forward  Area  Employment.  Employment  of  the  treetop  relay 
platform  is  felt  to  be  most  effective  at  the  company  level.  Improvement  in 
transmission  range  made  possible  by  the  treetop  elevation  of  the  platform  is 
not  known.  Dr.  David  Sachs  of  General  Research  Corporation  has  stated  that 
because  a  system  of  this  type  could  take  advantage  of  the  favorable  propagation 
path  that  exists  above  the  treetop  canopy,  a  definite  improvement  in  range 
transmissions  from  the  ground  can  be  expected. 

Depending  upon  the  extent  of  the  anticipated  ground-to-platform 
transmission  range,  a  treetop  platform  would  be  placed  at  a  favorably-located 
position  in  the  vicinity  of  a  planned  ground  activity.  Another  platform  would 
be  placed  near  company  headquarters,  and  signals  picked  up  by  either  repeater 
would  be  amplified  and  relayed  to  the  companion  platform;  here  it  would  be 
amplified  again  and  transmitted  to  the  ground. 
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4.  5.  3  Candidates  for  Avoiding  Terrain  and  Foliage.  Platforms  to  overcome 
both  the  terrain  and  foliage  problems  are  characterized  by  their  high-altitude 
airborne  capabilities.  The  initial  platform  list  which  included  a  large  number 
of  entries  is  not  included  in  this  report.  The  aircraft  portion  lists  84  manned, 
fixed-wing  nilitary  vehicle  types,  24  manned  rotu.ry-wing  military  vehicle 
types,  7  fixed^ing  military  drones,  3  rotary -wing  drones,  and  one  rigid-wing 
craft.  I:i  some  instances,  non-military  aircraft  were  investigated,  but  because 
of  the  problems  associated  with  their  use  in  ir-ilitary  service,  they  were  dropped. 
More  than  thirty  missiles,  rockets  and  satel)  s  also  were  listed.  For  each  of 
these  (as  well  as  for  the  aircraft),  the  name  oi  the  vehicle,  the  DOD  or  NASA 
designation,  the  popular  name,  the  service,  primary  mission,  typical  perfor¬ 
mance  or  loading,  availability,  and  other  vital  statistics  were  included. 

4.  5.  3.  1  Aircraft  Platforms.  From  the  extensive  list  of  possibleaircraft  plat¬ 
forms,  fvo  elimination  exercises  were  conducted. 

4.  5.  3.  1.  1  HARR  Aircraft  First  Iteration.  The  elimination  process  initially 
conducted  was  based  on  a  broad  application  of  what  were  believed  to  be  pertinent 
HARR  mission  and  operational  requirements.  A  tentative  requirements  list  is 
given  as  follows: 


Platform  payload 
Relay  channels 
Relay  type 
Time  to  deploy 
Time  on  station 


50  -  300  pounds 
Single  to  6 

PRC-25  or  replacement 
3  hours 

24  hour  potential 


Initial  HARR  configuration  Helicopter,  light  or  medium  aircraft, 

balloons  and  drones 


Platform  deployment 
facility 


Helicopter  pad  or  forward  area  air 
strip 


Platform  flexibility 


Capable  of  variable  time  and  locatioii 


Deployment  altitude  Deployed  sufficiently  low  to  avoid  radio 

channel  interference  between  Army  Corps 
{250-mile  line -of-sight  separation): 
deployed  sufficiently  high  to  avoid  ground 
fire 


Platform  support  Minimum  required.  No  new  school  for 

training  personnel 

Destruct  capability  Optional 


Air  traffic  control 


A  consideration,  but  not  deciding  at  this 
time 
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Pertinent  requirements  of  the  above  list  were  applied,  as  well  as  operational 
and  procurement  considerations  which  were  known  to  have  a  definite  bearing  on 
remote  area  employment. 

The  first  elimination  iteration  was  performed  on  aircraft  in  the 
initial  platform  list,  Table  4-1,  This  work  reduced  the  number  of  platforms 
considered  for  the  initial  HARR  configuration  to  a  more  manageable  preliminary 
list.  Table  4-2.  For  candidates  which  are  not  suitable  (or  marginal),  summary 
reasons  are  given  by  codes  A  through  G  in  Table  4-?..  They  are  as  follows: 

A.  On-Station.  The  aircraft  is  not  suitable  because  of  speed 
or  inability  to  loiter.  For  a  few  aircraft,  inflexibility  for 
high  (15,  000  feet)  and  low  (1,  000  feet)  altitudes  is  the 
criterion, 

B.  Availability.  For  initial  (i.  e. ,  initial  configuration,  Viet  Nam, 
operational  in  1967),  this  factor  includes  the  inventory  in 
Viet  Nam,  the  allocable  inventory  elsewhere,  the  feasibility 

of  reactivating  retired  aircraft,  and  manning  potential.  For 
interim  and  long-range,  production  schedules  and  probabilities 
are  also  considered. 

C.  Cost.  The  aircraft  is  too  costly  to  operate  for  the  HARR 
mission.  (For  some  aircraft,  larger  than  necessary  for 
HARR,  but  otherwise  very  suitable,  high  costs  might  be 
offset  by  multi-mission  potential.)  Flying-hour  costs  are 
considered  more  important  than  procurement  costs,  par¬ 
ticularly  for  excess  aircraft  no  longer  produced. 

D.  Mission  Suitability.  The  aircraft  is  not  acceptable  because 
of  payload  limitations,  short  endurance,  low  level  of  proven/ 
related  military  experience,  etc. 

E.  Divertibility.  The  aircraft  is  in  short  supply  for  primary 
missions  probably  out-ranking  HARR;  hence,  a  less 
effective  or  more  costly  substitute  platform  is  pre¬ 
ferred. 

F.  Theater  Suitability.  The  aircraft  is  not  acceptable  for  Viet 
Nam  because  of  logistics  burdens,  limitations  on  combat 
mobility,  vulnerability  to  combat  hardships,  inability  to 
operate  all  hours  in  all  weather,  etc. 

G.  Command.  The  aircraft  is  not  readily  operable  by  the  Army, 
or  by  the  other  services  for  direct  and  complete  support  of 
Army  operations. 
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Table  4-1.  Initial  Platform  List  (Continued) 
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Table  4-1.  Initial  Platform  List  (Continued) 
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Table  4-1.  Initial  Platform  List  (Continued) 
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Table  4-1.  Initial  Platform  List  (Continued) 
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Tabu  4-1,  Initial  Platform  List  (Continued) 


U.S.  ROTARY-WING  AIRCRAFT 


Manufacturers 

Number 

Popular 

Name 

Ceiling 

(ft.) 

Range 
(mi.  ) 

Remarks 

Bell 

(47G-4A) 

Trooper 

13, 700 

324 

Bell 

(47I-2A) 

Ranger 

15, 100 

268 

Bell 

(206) 

Jet  Ranger 

•  • 

400 

1966  certifica¬ 
tion 

Bell 

UH-ID 

Iroquois 

18,  000 

315 

Armed  escort 

Bell 

(209) 

Huey  Cobra 

-  - 

-  - 

Inteiim  AAFSS 

Bell 

OH-135 

Sioux 

18,  000 

324 

Gyrodyne 

XRON-1 

Rotorcycle 

7,  300 

56 

Gyrodyne 

9H-50D 

Dash 

20,  000 

35 

ASW  drone 

Hiller 

OH-23F/G 

Raven 

9,  500 

226 

Hughes 

TH-55A 

•  - 

6,  500 

195 

Army  primary 
trainer 

Hughes 

OH-6A 

-  - 

15,  400 

394 

Army  LOH 

Hughes 

XV-9A 

•  - 

6,  000 

•  • 

Research 

vehicle 

Kaman 

HH-43B/F 

Huskie 

25,  000 

277 

In  Viet  Nam 

UH-2A 

SeaSprite 

14, 500 

550 

In  Viet  Nam 

Lockheed 

XH-51A 

•  • 

10,  100 

241 

Rigid-rotor 

research 

Sikorsky 

CH-34 

Choctaw 

4,  900 

280 

In  Viet  Nam 

Sikorsky 

SH-3D 

Sea  King 

10,  600 

625 

Sikorsky 

CH-3B/C 

Jolly  Green 
Giant 

7,  100 

500 

In  Viet  Nam 

Sikorsky 

HH-52A 

-  - 

14,  100 

474 

Sikorsky 

CH-54A 

Skye ran e 

11,  900 

253 

In  Viet  Nam 

Sikorsky 

CH-53A 

-  - 

10,  400 

282 

Sikorsky 

CH-37 

Mojave 

-  - 

-  - 

In  Viet  Nam 

Boeing 

UH-25B 

Retriever 

5,  200 

355 

Boeing 

CH-21A 

Shawnee 

6,  100 

400 

Boeing 

CH-46A 

SeaKnight 

9,  000 

246 

In  Viet  Nam 
USMC 

Boeing 

CH-47A 

Chinook 

12,  400 

234 

Army  transport 
in  Viet  Nam 

Boeing 

CH-113 

Voyageur 

10, 050 

690 

RCAF 

Boeing 

HKP-4 

-  - 

9,  100 

760 

Swedish 
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Table  4-1,  Initial  Platform  List  (Continued) 


Manufacturer 


Hawker  Siddeley 


Lockheed -Georgia 


Ryan  Aeronautical 


U.S.  VTOL 

Designation 

XV-6A 

Kestrel 


XV-4A  (VZ-10) 
Hummingbird 

XV-5A  (VZ-11) 


AIRCRAFT 

Performance 
50,  000  ft 

40,  000  ft 

50,  000  ft 


U.S.  DRONES  AND  TARGET  MISSILES 
Manufacturer  Designation  Mission  Service  Endurance 


Beech 

Aircraft 

Corp. 

MQM-61A 

Maxson 

Electronics 

AQM-37A 

Northrop 

Ventura 

AQM-38A 

Northrup 

Ventura 

MQM-57A 

Ryan  Aero¬ 
nautical 

Co. 

MQM-34A 

Target 

Army 

85  min. 

Target 

Navy 

15  min. 

Target 

Army 

30  min. 

Surveil¬ 

lance 

Army 

40  min. 

Target 

Navy/ 

114  min. 

Remarks 

Evaluation  as 
strike/recon. 
fighter 

Army  evaluation 
Army  evaluation 

_ Remarks 

Recoverable 

Rocket  power 
Rocket  power 
(SD-1) 

Turbojet 

t 
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Table  4-1.  Initial  Platform  List  (Continued) 


U.S.  RESEARCH  ROCKETS 


Manufacturer 

Name 

Designation 

Payload 

Ceiling 

Remarks 

Atlantic 

Research 

Corp. 

ARCAS 

ARC  29KS-336 

12  lbs 

40  mi 

Single 

stage 

Atlantic 

Research 

Corp. 

ARCHER 

ARC  35KS-1375 

40  lbs 

90  mi 

Single 

stage 

Atlantic 

Research 

Corp. 

METROC 

ARC  16KS-140 

2  lbs 

20  mi 

Single 

stage 

Rocket 

Power 

Inc. 

HOPI 

RPI  3.  OKS -4000 

11-1/2  lbs 

50  mi 

Chaff 

Dart 

Rocket 

Power 

Inc. 

JUDI 

RPI  1.  9KS-2100 

10  lbs 

33  mi 

Balloon 

Dart 

Rocket 

Power 

Inc. 

RAVEN 

RPI  8.  5KS-1800 

-  • 

-  - 

-  - 

Thiokol 

Chemical 

Corp. 

TOMAHAWK 

•  • 

45  lbs 

100  mi 

Rocketdyne 

(NAA) 

AEOLUS 

315  lbs  thrust 

6  lbs 

15  mi 

(Gun 

launch) 
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Table  4-2.  Reduced  HARR  Candidate  List 


Item 

Number 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 


Rank 

(Initial)  Platform 

(1967)  Designation 


Fixed-Wing  Manned  Aircraft 


1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 


O-IE 

P-2H 

S-2D 

CV-2B 

Ul-A 

U-6A 

OV-IC 

E-IB 

T-37B 

T-39A 

C-47E 

C-121G 

C-123B 

U-3B 

U-7A 

U-8F 

U-lOA 

A-IJ 

YB-26 

B-66D 

F-5A 

RB-57F 

P-3B 

T-2B 

T-28D 

T-29D 

T-34B 

T-38A 

T-41A 

T-42A 

C-54 

C-117D 

C-118A 

C-119J 

C-131E 

VC-6A 

U-4B 

U-5A 


Limiting 
Factors 
(Ref.  p.  202  ) 


A,  C 
A,  C 
C 
C 


B 


C,  E 


A,  C 


C 

C 

C 

B 

C 

A,  B,  C 
A,  B,  C 
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Table  4-2.  Reduced  HARR  Candidate  List  (Continued) 


Item 

Rank 

(Initial) 

Platform 

Limiting 

Number 

(1967) 

Designation 

Factors 

39 

3 

U-llA 

40 

3 

HU-16E 

B 

41 

3 

U-17A 

(42  models  eliminated  from  initial  83  models) 


Rotary-Wing  Manned  Aircraft 


42 

1 

UH-ID 

43 

1 

OH-6A 

44 

2 

OH-13S 

45 

2 

OH-23F/G 

46 

2 

CH-34 

47 

3 

UH-2A 

c. 

48 

3 

SH-3D 

C 

49 

3 

CH-37 

C 

50 

3 

CH-21A 

D 

(18  models  eliminated  from  initial  27  models) 


Fixed- Winged  Drone  Aircraft 

51  1  MQM-36 

(initial  5  models  eliminated) 

Rotary- Winged  Drone  Aircraft 

52  1  OH-50D 

53  2  DH-2C 

(Only  OH-50D  was  on  the  initial  list) 
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Payload  capability  for  initial  configuration  (50  to  300  pounds)  las 
not  been  a  factor  in  rejecting  candidates.  For  interim  and  long-range  sytcems, 
greater  payload  requirements  may  be  a  factor.  Antenna  mounting  requirements 
have  not  been  considered  critical. 

4.  5.  3.  1.  2  HARR  Aircraft  Second  Iteration  Selection/Rejection.  The  reduction 
to  the  53  remaining  candidates  still  left  too  large  a  number  for  entry  into  a 
detailed  cost/effectiveness.  The  candidate  reduction  process  implemented  during 
a  second  iteration  is  summarized  in  Tables  4-2  and  4-3. 

Table  4-3  recommends  that  the  53  candidates  be  "reduced"  initially 
to  17,  and  to  8  later  in  the  study.  The  proposed  reduction  is  on  the  premise  that 
types  of  aircraft  have  common  technical  and  operational  characteristics  affording 
gross  measures  of  suitability,  as  follows: 

A.  Attack.  The  A-1  was  retained,  while  other  aircraft  of  this 
type  were  rejected  because  of  limited  on-station  capability, 
high  cost,  lack  of  divertibility  from  other  missions,  etc. 

The  A-1  is  a  marginal  candidate,  because  of  the  same  factors, 

B.  Bomber.  Three  models  were  retained  as  marginal  candidates. 
Others  were  rejected  because  of  high  cost  and  on-station 
limitations,  (e.  g. ,  ability  to  loiter  at  low  altitudes  in  difficult 
terrain  and  weather), 

F.  Fighter.  The  F-5A  was  retained,  while  all  others  were 
rejected  because  of  on-station  limitations,  high  cost, 
etc.  While  the  F-5A  is  considered  to  be  a  marginal 
candidate,  analysis  based  on  F -5A  data  can  be  made 
inexpensively  (through  access  to  Norair  experience) 
with  respect  to  the  RFP's  concern  for  HARR  objectives 
being  served  by  random  sorties  -  close  air  support, 
reconnaissance,  etc.  Suitability  of  the  A-1  (and,  to  an 
extent,  of  bombers)  can  be  extrapolated  from  F-5A 
analyses. 

O.  Observation.  These  aircraft  are  suitable  because  of 
Army  ownership/experience,  ability  to  launch  in  an 
austere  environment,  on-station  loitering  capability, 
low  cost,  etc.  Limiting  factors  may  be  all-weather 
capability,  night-flying,  and  payload  capacity. 

P.  Patrol.  This  is  a  unique  case.  P-2's  are  being  moved 
from  storage  to  special  Viet  Nam  operations,  the  storage 
inventory  is  being  depleted,  and  active  Anti-Submarine 
Warfare  (ASW)  squadrons  may  or  may  not  be  releasing  the 
obsolete  P-2's.  The  P-3  successor  (Lockheed's  Electra) 
is  not  likely  to  be  readily  available.  Both  aircraft  have 
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Table  4-3.  HARR  Candidate  Selection  Goals 


Aircraft  Designators 


Reduced  Number  of 


Code 

Type 

User 

HARR  List 

Candidates 

Final 

Interim 

Now 

A 

Attack 

N 

A-1 

0 

0 

1 

B,  YB 

Bomber 

AF 

B-66D,  RB.57F, 

YB-26 

0 

0 

3 

F 

Fighter 

AF,  N 

F-5A 

0 

1 

1 

O 

Observation 

A,  AF 

O-IE,  OV-IC 

0 

1 

2 

P 

Patrol 

N  (ASW) 

P-2H,  P-3B 

1 

1 

2 

S 

Search 

N  (ASW) 

S-2D 

0 

1 

1 

E 

Early 

Warning 

N 

E-IB 

0 

1 

1 

T 

Trainer 

All 

T-37B,  T-39A,  T-2B, 

1 

2 

9 

T-28D,  T-29D,  T-34B 
T-38A,  T-41,  T-42A 


C 

Cargo/ 

AF,  N 

C-47E,  C-121B,  C-123B, 

1 

2 

9 

T  ransport 

C-54,  C-117D,  C-118A, 
C-119J,  C-131E,  VC-6A 

u 

Utility 

All 

U-IA,  U-6A,  U-3B,  U-7A, 
U-8F,  U-lOA,  U-4B,  U-5A, 
U-llA,  HU-16E,  U-17 

1 

2 

12 

cv 

Cargo/ 

Transport 

A 

CV-2B 

1 

1 

1 

Rotary  Wing  (Helicopter) 

UH 

Utility 

A 

UH-ID,  UH-2A 

1 

1 

2 

OH 

Observation 

A 

OH-6A,  OH-13S,  OH-23  F/G 

0 

1 

3 

CH 

Cargo/ 

Transport 

A 

CH-34,  CH-37,  CH-21A 

1 

1 

3 

Notes 

Users  -  N 

Navy 

Subtotal 

7 

15 

50 

A  Army 

AF  Air  Force 

Drones 

1_ 

_2 

_2 

Candidates  within  a  type 

are  listed 

8 

17 

53 

in  approximate  order  of  suitability. 
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good  on-station  characteristics,  particularly  around 
15,  000 -feet  altitudes,  and  night/all-weather  capability. 
Capacity  and  costs  are  high  for  HARR.  However, 
should  the  HARR  relay  payload  be  expanded  significantly, 
these  aircraft  qualify  when  smaller  aircraft  candidates 
for  Quick  Fix  drop  out.  Present  indications  are  that 
the  P-2  should  be  analyzed  in  depth,  and  the  P-3  con¬ 
sidered  as  an  alternative. 

S.  Search.  This  is  also  a  unique  case.  USAF  is  using 
these  Navy  ASW  aircraft  for  special  Viet  Nam  missions. 
Like  the  P-2,  the  S-2  is  obsolete,  but  the  S-2  does 

not  have  a  successor  in  inventory  or  production. 

Available  S-2  inventories  have  not  been  investigated. 
Compared  to  the  P-2,  the  S-2  has  smaller  payload, 
less  endurance,  lower  costs  and  better  low -altitude 
performance.  Nevertheless,  the  P-2  is  now  considered 
to  outweigh  the  S-2  as  a  candidate.  More  evidence  is 
required. 

E.  Early  Warning.  The  E-IB  has  much  the  same  charac¬ 
teristics,  in  terms  of  HARR,  as  the  P-2  and  S-2.  The 
E-IB  also  has  avionics  which  may  abet  the  HARR 
mission  and  facilitate  multi -mission  operations  in 
Viet  Nam.  Short-comings  may  be  in  the  areas  of 
availability,  theater  logistics,  command  channels,  etc. 

T.  Trainer.  While  a  number  of  candidates  were  rejected 
because  of  on-stationcharacteristics  and  costs,  nine  re¬ 
mained.  The  T-37B  and  T-30A  appear  to  be  primary 
candidates  for  Viet  Nam  and  Quick  Fix.  This  type  air¬ 
craft  must  be  subjected  further  to  the  same  sort  of  selec¬ 
tion/rejection  criteria  already  applied.  One  possibility 

is  to  select  a  large,  slow,  inexpensive  model  and  subject 
both  models  to  cost/effectiveness  analyses. 

C.  Cargo.  Larger  models  were  rejected  because  of  exces¬ 
sive  capacity  and  cost,  and  some  of  the  remaining  9 
candidates  are  marginal  for  this  reason.  The  C-123B 
is  in  substantial  use  in  Viet  Nam,  and  the  C-47E  and 
C-121G  appear  likely  candidates. 

CV  Cargo.  The  CV-2B  is  a  special  candidate  because  of 
its  availability,  logistics  support,  experience  in  Viet 
Nam,  etc.  This  aircraft  is  one  transferred  from  Army 
to  Air  Force,  per  the  April  1966  agreement.  Investi¬ 
gation  of  the  impact  of  this  transfer  on  the  CV-2B's 
HARR  candidacy  is  desirable. 
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U  utility.  A  few  aircraft  of  this  type  appear  marginal 
because  of  on-station  limitations,  cost  and  limited 
availability,  but  none  were  rejected.  The  U-IA 
and  U-6A  are  favored  because  of  their  present  use 
in  Viet  Nam.  More  specific  criteria  are  needed  for 
subsequent  selection/ rejection.  Because  of  the 
apparently  good  candidacy  of  this  aircraft  type,  a 
preferability  ranking  may  be  needed,  rather  than 
suitability  exclusions.  Relative  ranking  versus 
observation  aircraft  also  seems  desirable. 

UH  Utility  Helicopter.  The  UH-l's  prevalence  in  Viet 
Nam  makes  it  a  primary  candidate.  All  versions 
(including  the  earlier  UH-IB  and  the  new  2-engine 
model)  must  be  investigated.  The  UH-2A  is  less 
available,  probably  relatively  costly,  and  possibly 
not  divertible  from  other  missions.  The  UH-1  is, 
in  terms  of  HARR,  in  competition  with  Utility  Fixed 
Wing  aircraft. 

OH  Observation  Helicopter.  There  are  three  good 

candidates  to  be  reduced  to  one  by  some  criteria  not 
yet  derived  or  applied.  Payload  and  environmental 
limitations  are  expected  to  rule  this  type  out  in  favor 
of  Fixed  Wing  Observation  aircraft  or  Utility  Heli¬ 
copters. 

CH  Cargo  Helicopter.  The  CH-34  (also  designated  UH- 
34)  is  a  primary  candidate  used  extensively  over 
Viet  Nam  from  land  and  carrier  basing  by  both  Navy 
and  Marine  Corps.  The  CH-37  and  CH-21A  appear 
to  be  poorer  cost/effectiveness  candidates.  Unless 
the  HARR  payload  increases  and  platform  maneu¬ 
verability  becomes  a  premium  factor,  the  CH-34 
may  be  rejected  through  subsequent  analysis. 

4.5.4  Cost-Effective  Analysis.  As  is  customary  in  a  cost-effectiveness 
analysis,  the  effort  was  divided  into  two  major  areas--that  pertaining  to 
HARR  operational  effectiveness  and  remote  area  suitability,  and  that  per¬ 
taining  to  cost.  Not  in  all  cases  were  these  areas  kept  separate.  This  was 
because  logistic  and  base  support  costs  were  to  a  large  degree  dependent  on 
a  platform's  present  status  in  the  U.S.  inventory  in  South  Viet  Nam  and  the 
experience  or  lack  of  experience  with  the'candidate  in  the  Pacific  theater. 
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4.  5.  4.  1  Effectiveness  Model.  By  considering  the  communications 
requirements  discussed  in  Section  2,  and  by  material  found  in  the  Remote 
Area  Conflict  Information  Center  (RACIC)  Library,  platform  mission 
requirements  were  specified.  These  requirements  were  as  follows: 

a.  Overcome  Foliage  and  Terrain.  The  platform  height  was 
required  to  meet  minimum  altitude  limits  that  would  overcome  both  the 
foliage  and  terrain  problems.  If  platform  altitudes,  such  as  the  tethered 
balloon  or  treetop  net,  did  not  meet  this  minimum  altitude  requirement, 
either  their  height  had  to  be  increased  or  else  the  altitude  deficiency  would 
have  to  be  made  up  by  the  height  of  the  ground  at  which  the  platform  was 
tethered  or  supported.  Also,  when  terrain  masking  avoidance  became 

a  problem,  either  the  extra  penalty  in  payload,  special  equipment,  and 
on-station  endurance  costs  had  to  be  accepted  or  the  burden  had  to  be 
shared  by  special  ground-to-air-to-air-to-ground  provisions. 

b.  Avoid  Mutual  Frequency  Interference.  As  expressed 
elsewhere  in  this  document,  a  critical  platforrp  requirement  was  that  it 
carry  the  additional  payload  or  incorporate  within  its  ground  system  the 
sophistication  necessary  to  avoid  mutual  frequency  interference.  The 
AN/PRC-25  repeater  range  improvement  figures  shown  in  Section  3 

(a  flat  earth  range  of  150  miles  for  an  altitude  of  19,  650  feet  for  an 
allowable  path  loss  of  140  db,  or  a  ground  distance  of  50  miles  for  an 
equal  path  loss  at  a  1,  775 -foot  altitude)  showed  that  an  altitude  improve¬ 
ment  payed  off  handsomely  in  range;  however,  mutual  frequency  inter¬ 
ference  was  now  inevitable. 

c.  Meet  Tactical  and  Environmental  Conditions.  Among  the 
critical  parameters  considered  in  the  analysis  were  force  deployment  and 
environmental  conditions.  The  required  employment  tactics  are  discussed 
in  Section  2  of  this  document.  As  much  as  possible,  these  were  the  tacti¬ 
cal  deployment  practice  and  environmer«tal  conditions  as  they  now  exist  in 
South  Viet  Nam. 

d.  Remain  Compatible  with  Operational  Doctrine.  Through 
conferences  held  with  U.  S.  Army  aircraft  project  managers  at  AVCOM 
in  St.  Louis,  Missouri,  it  was  learned  that  flight  crew,  ground  support, 
and  logistic  supply  were  critical  factors  to  be  considered  in  the  evaluation 
of  military  aircraft.  Often,  aircraft  manuals  present  endurance  curves 
that  are  true  for  the  vehicle,  but  not  for  the  flight  crew,  particularly 
when  day-in,  day-out,  on-station  missions  are  to  be  flown,  such  as  are 
required  by  HARR.  Also  it  was  learned  that  particular  care  should  be 
taken  that  the  logistic  and  ground  support  requirements  of  a  system 
should  not  exceed  supply  and  maintenance  adjustment  limitations.  As  a 
consequence,  if  a  platform  already  exists  in  the  U.  S.  /Viet  Nam  inventory, 
it  would  have  a  favorable  advantage  over  one  that  was  not;  and  when  it 
was  found  that  a  candidate  required  unusually  demanding  repair,  logistic 
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or  operational  support  (such  as  fuel),  it  was  dropped  from  consideration. 
4.  5.4.  1.1  Environmental  Considerations 


a.  Weather  Analysis.  For  the  application  of  both  balloon 
and  aircraft  platforms,  an  understanding  had  to  be  established  as  to  the 
influence  of  upper  winds  and  surface  weather  on  total  operational  avail¬ 
ability.  Upper  air  winds  and  surface  weather  information  was  obtained 
from  the  Environmental  Technical  Applications  Center,  Washington,  D.C. 
Specific  Viet  Nam  operational  flying  condition  information  was  obtained 
from  the  AVCOM  Army  Aircraft  Project  Offices  and  specific  surface 
weather  percentages,  according  to  South  Viet  Nam  area  distribution, 
from  the  AVCOM  Foreign  Intelligence  Office.  The  environmental  in¬ 
fluences  are  treated  later  in  the  discussion  of  the  cost-effectiveness 
curves. 


b.  Terrain  Analysis.  An  important  part  of  the  effective¬ 
ness  model  was  the  amount  of  transmission  coverage  that  could  be  counted 
on  from  an  on-station  platform.  It  was  known  that  this  varied  with  the 
altitude  of  the  platform  and  the  terrain  of  the  area  being  covered.  Since 
the  South  Viet  Nam  topography  varied  from  the  rough  mountainous  terrain 
in  the  north  to  the  lowlands  of  the  south,  it  was  imperative  that  a  terrain 
analysis  be  made.  Such  an  analysis  was  not  found  to  exist  which  met 
HARR  requirements,  and  a  means  had  to  be  obtained  that  would  give  the 
terrain  slope  results  that  fell  within  HARR  platform  positional  limits. 
These  limits  were  broad,  and  the  terrain  analysis  was  not  done  in  precise 
detail. 

The  methodology  employed  was  to  obtain  a  large  topo¬ 
graphic  chart  of  South  Viet  Nam.  The  scale  used  was  1:1,  000,  000;  the 
chart  was  then  divided  up  into  sections  representing  ARVN  Corps  I  and  II 
over  the  northern  half  and  the  ARVN  Corps  III  and  IV  over  the  southern 
half.  Cross  sections  were  taken  over  each  position  of  an  area  that  indi¬ 
cated  topographic  change.  The  spacing  of  the  contour  lines  gave  the  de¬ 
gree  of  slope. 


Shadow  Zones  were  computed  according  to  the  geometry 
and  equations  shown  in  Figure  4-7.  A  section  of  the  II  Corps  area  which 
represents  a  typical  terrain  analysis  is  shown  in  Figure  4-8.  Location 
of  the  shadow  zones  was  determined  by  examining  every  location  that  ap¬ 
peared  likely.  The  only  exception  was  the  case  of  the  gullies  whose  banks 
might  have  been  considerably  steeper  than  the  immediately  surrounding 
terrain.  As  an  example,  it  is  probable  that  a  considerable  portion  of  the 
area  around  Plei  Girao  Kup  in  the  southeastern  part  (in  Figure  4-8)  is  in 
shadows. 
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=  AHtitude  difference  in  terrain 
=  Height  of  platform  above  highest  terrain  feature 
Mj  =  Contour  spacing 

-  Distance,  platform  to  highest  terrain  feature 

M? 

K  =  Intermediate  factor;  K  = 

Mj 

C  =  Intermediate  factor;  C  =  (M^)  K;  If  C  =  there  is  no  shadow 

S  =  Length  of  shadow;  S  =  ^^4^/ Measured  from  highest  terrain 
feature  at  level  of  M^. 

K=  , 

Ml 


C  =  (Mj)  (K) 
{M4)/ 

S  =  /(K) 


Figure  4-7.  Shadow  Geometry 
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Plei  A^LjTcha 


ciiCb  , 

J  Kachout/ 


Typical  Terrain  Analysis  -  Vietnam 
(Elevation  in  feet) 


The  extent  of  the  platform  station  was  determined 
graphically  as  the  intersection  of  a  plane  at  20,  000  feet,  with  extensions 
of  the  slope  of  the  terrain.  The  general  location  was  first  selected  by 
inspection.  For  the  purpose  of  calculating  station  extent,  ambient 
terrain  slope  was  doubled.  Thus  the  station  envelope,  represented  by 
the  hatched,  pear-shaped  area  near  the  "KLON  GLUIH"  letters,  is 
appropriate  for  a  10,  000-foot  platform,  if  ambient  slopes  are  considered 
adequate,  and  for  a  20,  000 -foot  platform,  if  twice  the  ambient  slopes  is 
felt  to  be  more  realistic.  The  approximate  center  of  the  station  area 
was  used  for  locating  and  determining  the  extent  of  the  shadow.  For 
this  rather  mountainous  section  of  the  II  Corps  area  the  shadow  zones 
were  estimated  to  take  up  less  than  5  percent  of  the  total  territory  of 
Figure  4-8 . 


c.  Area  of  Coverage  Cones.  The  two  considerations  of 
terrain  masking  avoidance  and  foliage  penetration  were  applied  to  obtain 
needed  platform  "cones  of  coverage."  Considering  the  propagation 
take-off  angle  requirements  discussed  in  Section  3,  a  limiting  horizontal 
angle  of  10°  was  obtained.  Figure  4-9  illustrates  this  foliage  penetra¬ 
tion  angle.  When  terrain  was  not  the  limiting  cone  of  coverage  factor, 
the  10  angle  was  used. 

Figure  4-9  also  illustrates  the  manner  in  which  the 
terrain-limited  cone  of  coverage  was  estimated.  The  maximum  slope 
of  the  terrain  was  used  which  was  greater  than  the  10°  foliage  limiting 
angle  and  which  sustained  a  "line -of -sight"  angle  that  reached  to  the 
platform's  position  at  the  apex  of  the  coverage  cone.  The  useful  area 
was  determined  by  the  intersection  of  the  cone  of  coverage  with  the 
topography,  or  else  by  the  horizon  which  made  up  the  10°  foliage -limiting 
angle. 

As  might  be  expected,  the  area  covered  by  an  on- 
station  platform,  particularly  in  rugged  terrain,  would  be  quite  irregular. 
This  irregularity  is  illustrated  in  Figure  4-10.  This  terrain/relay 
coverage  interface  is  discussed  in  the  paragraph  that  follows. 

Interface  Between  Relay  and  Terrain.  With  respect 
to  a  relay-carrying  airborne  platform,  three  major  physical  factors 
determine  its  effectiveness.  These  are: 
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Figure  4-9.  Platform  Terrain  and  Foliage  Limiting  Cones 
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Position  The  ability  to  hold  the  relay  within  defined 

space  limits,  plus  getting  it  there  and 
back  to  base. 

Environment  With  its  normal  variations;  weather  some¬ 

times  becomes  untenable  for  certain 
platforms  to  achieve  or  hold  position. 

Configuration  Effect  of  platform  on  relay  and  antenna 

design. 

This  discussion  deals  only  with  the  relay  position 
factor,  and  advances  the  idea  for  terrain  definition  in  terms  of  platform 
position  on-station. 

For  purposes  of  analysis,  platform  position  may  be  defined 
as  an  area  over  terrain  at  an  arbitrarily  selected  constant  altitude.  The  limits 
of  this  area  may  be  defined  by  a  value  of  computed  signal  strength  representing 
an  acceptable  threshold  between  receiver  sensitivity  and  voice  transmission 
from  a  standard  man-pack  radio  at  any  point  on  the  ground.  The  transmitted 
signal  will  be  influenced  by  indigenous  vegetation  and  roughness  of  terrain  plus 
normal  attenuation  for  distance.  A  signal  strength  contour  may  then  be  deter¬ 
mined  at  the  selected  altitude  which  describes  an  rregular  envelop  within 
which  the  input  voltage  at  the  relay  receiving  antenna  will  exceed  the  threshold 
signal  strength.  For  simplicity,  the  irregular  contour  should  have  inscribed 
within  it  a  circle  which  defines  the  relay  position  limits  to  be  maintained  by 
the  platform.  An  example  is  given  in  Figure  4-10, 

For  a  moving  platform  whose  optimum  performance  altitude 
differs  from  the  altitude  selected  to  define  the  terrain,  a  suitable  value  for 
relay  position  factor  may  be  computed  based  on  free  space  attenuation  and 
threshold  signal  strength  patterns  for  highe’*  (and  possibly  lower)  altitudes. 
Higher  altitudes  should  produce  larger  circular  "on-station"  areas  over  moun¬ 
tainous  terrain  as  line -of-sight  angles  are  relieved. 

As  shown  in  Figure  4-10  the  dashed-line  enclosed  area  is 
the  guaranteed  coverage  an  aircraft,  flying  in  the  6.  3 -mile -diameter  circular 
pattern,  can  obtain  when  holding  a  10,  000-foot  altitude.  The  coverage  is 
maintained  despite  the  aircraft's  position  on  the  circumference. 

d.  Coverage  Requirements.  The  area  chosen  for  the  first  cover¬ 
age  investigation  was  that  of  the  ARVN  II  Corps.  This,  as  has  been  mentioned 
before,  was  a  fairly  rugged  terrain  characterized  by  considerable  tropical 
foliage.  AnO-lE  Bird  Dog  aircraft  was  chosen  as  the  platform  in  this  analysis. 
To  obtain  adequate' coverage  of  this  area  where  some  peaks  reached  nearly  to 
9,  000  feet,  it  was  estimated  that  the  Bird  Dog  should  fly  at  a  constant  altitude 
of  13,  000  feet.  Figure  4-11  shows  the  areas  of  coverage  which  would  have  to 
be  provided  in  order  for  complete  II  Corps  blanketing  by  the  required  24  simul¬ 
taneous  station-keeping  Bird  Dog  aircraft. 
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4.  5.  4.  1.  2  Tactical  Analysis.  The  tactical  doctrine  applied  in  the  HAR,R 
platform  effectiveness  modeling  is  described  in  some  length  in  Section  2.  This 
doctrine,  as  presented  in  Section  2,  was  used  as  the  basis  for  determining 
platform  and  communication  channel  allotment  and  in  building  platform  tactical 
employment  models. 

A.  Platform  Placement  and  Communication  Channel  Allocation 


1.  Under  the  simplifying  assumptions  that  for  (a)  the 
propagation  is  a  straight  line,  then  (b),  the  portion  of  the  earth  of  interest,  can, 
with  acceptable  accuracy,  be  treated  as  a  plane. 

In  this  Section,  platform  altitudes  are  considered  only  on 
the  basis  of  communications  requirements  and  ignore  minimum  altitude  problems 
of  ground  fire,  etc.  The  essential  elements  of  the  platform  placement  problem 
can  be  represented  in  the  following  sketch. 


A 


The  line  AB  represents  an  element  of  the  cone  within  which 
communications  are  confined  by  terrain,  foliage  or  other  mechanism,  about 
a  station  on  the  ground  at  A.  That  cone  can  be  completely  defined  by  the 
angle  Gwhere: 

-lb  -1  1 

9  =  tan  —  =  tan  - : - ; - 

a  terrain  slope 

A  platform  at  B  is  theoretically  within  the  line -of-sight  (LOS)  of  any  ground 
station  along  b. 
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In  order  for  a  platform  at  B  to  cover  an  area  of 
radius  R  on  the  ground,  the  platform  altitude  of  h  must  be  determined 
by: 


h  =  R  tan  e  =  — 
a 

2.  Figure  4-12  depicts  (at  distorted  scale)  the  constraints 
on  line -of -sight  thus  far  considered  as  they  apply  to  discussions  which  follow. 

The  line  labeled  "35%"  represents  the  constraint  which 
will  be  assumed  to  apply  in  rough  terrain.  It  corresponds  to  an  angle  of  about 
70°  from  the  vertical  and  is  at  a  slope  approximately  double  (when  expressed 
in  %)  of  the  slopes  which  could  be  measured  on  the  1:1,  000,  000  scale  charts 
available.  Although  the  35%  slope  may  adequately  describe  the  general 
terrain,  there  are  undoubtedly  local  conditions  which  result  in  much  more 
severe  constraints.  Those  conditions  exist  at  the  bottoni*'  of  steep-sided 
gullies  and  even  behind  peaks  where  the  slope  may  be  nearly  vertical. 

The  line  labeled  "80°"  represents  the  constraint  which 
will  be  assumed  for  flat  terrain  and  reflects  the  best  currently  available 
estimate  of  the  effects  of  foliage. 

The  line  labeled  "Flat  Earth"  represents  the  horizon 
constraint  applicable  over  water.  As  long  as  airborne  platforms  are  above 
intervening  terrain,  line -of -sight  contact  between  platforms  are  governed  by 
flat  earth  geometry. 


The  dotted  line  from  1  to  2  in  Figure  4-12  depicts  two 
airborne  stations  at  5,  000  feet  altitude  and  25  nautical  miles  apart.  The 
dotted  line  from  1  to  3  depicts  two  airborne  stations  separated  by  25  miles 
horizontally  and  5000  feet  vertically  with  the  lower  station  at  5,  000  feet. 
Stations  1  and  3  are  within  line -of-sight  of  each  other  unless  intervening 
terrain  interferes,  such  as,  for  example,  a  mountain  of  altitude  greater  than 
7,  5000  feet  at  the  point  midway  between  the  stations. 


by: 


where: 


The  tolerable  intervening  terrain  altitude  is  expressed 

h  =  h^+|(h2  -hj) 


h  is  the  height  of  terrain  which  will  just  intercept  LOS 
h^  is  the  altitude  of  the  lower  platform 

h^  is  the  altitude  of  the  higher  platform 

S  is  the  horizontal  platform  spacing 


ALTITUDE  (THOUSANDS  OF  FEET) 


d  is  the  horizontal  distance  from  the  lower  platform  to 
the  terrain  feature  being  considered. 

If  both  platforms  are  at  an  altitude  which  exceeds  by  200 
feet  the  height  of  any  intervening  terrain,  they  will  be  in  LOS  of  each  other. 

The  error  in  assuming  a  plane  geometry  treatment  is  on 
the  order  of  60  feet  over  the  25-mile  interval.  That  error  is  ignored  as 
insignificant  in  comparison  to  other  uncertainties  such  as,  for  example,  the 
accuracy  with  which  the  platforms  will  maintain  altitude. 

It  must  be  noted  at  this  point  that  to  ensure  the  desired 
coverage  under  any  constraint,  the  platform  altitude  must  be  measured  from 
the  highest  terrain  located  in  the  area  to  be  covered. 

3.  Figure  A-iZ  depicts  the  deployment  and  the  elements  of 

a  battalion  which  are  assumed  in  the  discussions  which  follow.  This  deployment 
may  be  considered  as  something  of  a  "worst  case"  in  that  an  infantry  battalion 
will  rarely  present  a  disposition  of  forces  more  widely  separated. 

4.  Figures  4-14  and  4-15  illustrate  application  of  the 
previously  described  concepts  of  coverage  to  the  battalion  deployment  shown 
in  Figure  4-13.  Figures  4-14  and  4-15  depict  the  inverted  cones  of  coverage 
in  vertical  cross  section  from  various  platform  altitudes  and  locations  when 
line-of-sight  is  defined  by  80°  and  35%  constraints,  respectively. 

Figures  4-14  and  4-15  illustrate  two  factors  which  are 

generally  appropriate: 


function  of: 


(a)  The  minimum  acceptable  platform  altitude  is  a 


(1)  the  dimensions  of  the  area  to  be  covered 

(2)  the  envelope  within  which  propagation  is 

constrained. 


There  is  also  a  maximum  altitude  above  which  it 
may  be  profitable  to  consider  a  different  deployment  of  platforms.  This  is 
illustrated  by  points  1  and  2  in  Figure  4-14  for  example.  A  platform  at  1  can 
theoretically  bridge  the  communications  gap  between  the  platoon  leader  and 
company  commander.  If  platform  altitude  is  increased  to  the  level  of  2, 
the  capability  exists  of  covering  all  platoons  of  a  company  as  well  as  the 
company  commander.  If  the  platform  can  carry  a  sufficient  number  of  relays, 
it  is  feasible  that  it  service  the  entire  company. 
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igure  4-13.  Assumed  Battalion  Tactical  Deployment 


ALTITUDE  ABOVE  HIGH  TERRAIN  (  THOUSANDS  OF  FEET) 


Figure  4-14, 


Platform  Placement  in  80°  Constraint 
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(b)  The  precise  positions,  such  as  1  and  2  in 
Figure  4-14,  cannot  be  maintained  even  by  tethered  ballocnn.  Fixed-wing 
aircraft  must  maneuver  to  stay  airborne,  and  the  "brute  force"  hover  of 
rotary-wing  craft  reduces  endurance.  Furthermore,  navigational  inaccuracies 
are  unavoidable.  Thus  some  allowance  must  be  made  for  maneuvering  and 
navigational  uncertainty.  Stations  shown  in  Figures  4-14  and  4-15  labeled 
a,  b,  etc.  ,  corresponding  to  and  above  stations  1,  2,  etc.  ,  represent  the 
increase  in  station  altitude  required  to  allow  for  a  cumulative  2-1/2-mile 
error,  or  to  allow  a  5 -mile  diameter  maneuvering  space.  As  a  maneuvering 
space,  such  a  circle  corresponds  roughly  to  the  room  required  to  fly  a  race 
track  holding  pattern  with  2 -minute  legs.  Eight  hours  of  that  maneuver  may 
be  more  than  a  pilot  can  endure. 

It  is  assumed  for  the  purpose  of  this  report  that  "over 
coverage"  is  not  desired.  For  example,  the  space  between  battalion  and  com¬ 
pany  headquarters  may  be  occupied  by  transient  traffic  but  the  requirement 
for  relay  of  vital  communications  does  not  concern  that  traffic.  Thus,  a 
platform  at  such  an  altitude  as  to  provide  coverage  not  only  for  the  vital  areas 
but  for  some  space  outside  is  providing  "over  coverage.  "  Some  "over 
coverage"  is  unavoidable,  indeed  necessary,  but  not  necessarily  desirable. 

"Over  coverage"  may  also  be  considered  to  exist  when  a  ground  station  has 
direct  access  to  more  than  one  platform,  since  relay  between  platforms  is 
generally  unimpeded  by  the  mechanisms  which  hamper  surface  communications. 

B ,  Tactical  Employment  Models 

The  tactical  models  described  in  the  following  paragraphs  pro¬ 
duce  estimates  of  the  number  of  platforms  required  as  a  function  of  platform  alti¬ 
tude  and  assumed  situation.  Table  4-4  lists  the  results  for  the  following  tactical 
situations,  each  of  which  is  described  in  more  detail  later: 

Situation  1,  in  which  the  objective  is  to  "cover"  South  Viet  Nam 
completely.  Numbers  of  platforms  required  are  generally  untenable  in  terms  of 
manned  aircraft. 


Situation  2,  in  which  the  infantry  company  with  a  radius  of  five 
miles  is  the  smallest  tactical  unit  considered.  Platform  altitude  must  be  great 
enough  to  ensure  coverage  of  the  five -mile  radius  circle.  Tabulated  numbers 
represent  the  number  of  platforms  required  per  infantry  battalion. 

Situation  3,  in  which  it  is  necessary  to  ensure  continuity  of 
communications  from  platoon  through  battalion  headquarter s .  Numbers  listed 
in  Table  4-4  are  the  number  of  platforms  required  on  station  per  battalion  as  a 
function  of  platform  altitude. 


233 


r 


Table  4-4.  Platforms  Required  for  Given  Altitudes /Situations 

No.  of  Platforms  Required 


Platform 

Altitude 

Situation  1 

Situation  2 

Situation  3 

thousands 
of  feet) 

ARVN  CORPS 

I  II  III  IV 

ARVN 
I  n 

CORPS 

III  IV 

ARVN 
I  II 

CORPS 
III  IV 

0.  1 

23 

16 

16 

0.  5 

6 

IS 

16 

1.0 

4 

16 

16 

2.0 

3 

16 

16 

3.  0 

5,  470 

2 

16 

10 

4.  0 

3,  170 

2 

16 

7 

5.0 

1,  890 

2 

16 

7 

6.  0 

1,  310 

2 

4 

10 

4 

7.0 

1,  000 

1 

4 

7 

4 

8.  0 

755 

1 

4 

7 

4 

9.  0 

585 

1 

4 

7 

4 

10.  0 

471 

1 

4 

7 

4 

12.  0 

333 

1 

4 

4 

4 

4 

14.  0 

241 

1 

4 

3 

4 

3 

16.  0 

188 

1 

4 

3 

4 

3 

18.  0 

146 

1 

4 

3 

4 

3 

20.  0 

120 

1 

4 

2 

4 

2 

25.  0 

75 

1 

4 

2 

4 

2 

30.  0 

55 

1 

3 

1 

3 

1 

35.  0 

39 

1 

3 

1 

3 

1 

40.  0 

30 

1 

2 

1 

2 

1 

45.  0 

24 

1 

2 

1 

2 

1 

50.  0 

19 

1 

2 

1 

2 

1 

60.  0 

14 

1 

1 

1 

1 

1 
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1.  Application.  This  model  produces  as  a  result,  the 
number  of  platforms  required  on  station  at  a  given  time  to  meet  various 
communications  requirements  of  an  infantry  battalion.  Numbers  listed  in 
Table  4-11  may  be  multiplied  by  the  on-station  flight  hours  to  obtain  operating 
costs. 


2.  Assumptions.  The  results  of  the  investigation  at  this 
stage  reflect  the  assumptions  listed  below: 

(a)  Effects  of  Terrain  and  Foliage.  South  Viet  Nam 
was  divided  into  two  regions  described  generally  as  "mountainous”  and  "flat.  " 
These  regions  correspond  fairly  closely  to  ARVN  Corps  Zones  I  and  II  for 
mountainous  terrain,  and  Zones  III  and  IV  for  flat  terrain.  It  was  assumed 
that  terrain  masking  was  the  principal  impediment  in  the  mountainous  region. 
Communications  were  restricted  to  a  zone  above  terrain  with  a  "worst 
average"  slope  of  35%.  In  flat  terrain,  two  conditions  were  assumed.  In 
Situations  1,  line-of-sight  capability  with  no  interference  was  assumed.  In 
Situations  2  and  3,  communications  were  assumed  restricted  by  the  terrain 
at  a  slope  of  35%  in  Zones  I  and  II  and  by  foliage  to  within  a  160°  cone  in 
Zones  III  and  IV. 


(b)  Relay  Capability  and  Interference.  These  two 
factors  were  ignored  as  problems  in  this  phase. 

(c)  Effective  Radio  Range.  Extremely  high  altitude 
platforms  provide  line-of-sight  coverage  to  ranges  that  may  exceed  the 
capability  of  the  transceivers  under  consideration.  The  effect  of  incorporating 
the  restrictions  inposed  by  free -space  attenuation  will  be  to  reduce  the  radius 
of  co\  erage.  For  the  purposes  of  this  study  effort,  the  effect  has  been 
ignored, 

4.  5. 4.  2  HARR  Platform  Costing.  The  costing  was  divided  according  to 
whether  the  candidate  was  an  aircraft  or  a  special  platform.  In  turn,  the 
aircraft  costs  were  divided  according  to  whether  the  vehicle  was  manned  or 
unmanned. 
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4.  5.  4.  2  1 


Costs  for  Manned  Military  Aircraft 


A.  Cost  Factors 

Several  factors  contribute  to  the  cost  of  providing  a  manned 
military  aircraft  such  as  a  HARR  platform.  These  factors  are: 

1.  Cost  of  the  aircraft. 

2.  Cost  to  replace  aircraft  lost  through  attrition. 

3.  Cost  of  f(’  1  and  oil  for  flying. 

4.  Cost  of  replacement  parts  consumed  in  the  main¬ 

tenance  process. 

5.  Cost  of  manpower  required  for  maintenance. 

6.  Cost  of  a  flight  crew  for  the  HARR  mission. 

7.  Cost  of  personnel  (not  part  of  the  HARR  program) 

providing  support  for  HARR  operations. 

8.  Cost  for  the  HARR  "fair  share"  of  base  operating 

support. 

Information  on  these  costs  is  presented  in  Tables  4-5  and  4-7. 
Table  4-6  provides  data  on  the  requirements  for  military  personnel  to  conduct 
and  support  HARR  operations.  Table  4-5  gives  purchase  and  operating  costs 
for  the  candidate  aircraft.  It  lists  each  candidate  and  its  cost,  then  gives  the 
attrition  rate  (losses  per  flight  hour),  the  attrition  cost  ($/FH),  the  cost  for 
fuel  oil  ($/FH),  the  cost  for  replacement  parts  ($/FH),  and  the  total  direct 
operating  cost  ($/FH).  The  total  is  the  sum  of  the  costs  for  attrition,  fuel  and 
oil,  and  replacements  parts. 

Table  4-6  gives  a  breakdown  of  the  military  personnel  require¬ 
ments.  It  lists  each  candidate,  its  use  rate  (flight  hours  per  month),  and  a 
particular  crew  requirement  case.  Case  1  of  Table  4-6  requires  the  basic 
HARR  flight  crew.  For  this  case,  the  relay  repeater  equipment  will  be  oper¬ 
ated  by  one  of  the  basic  crew.  Case  2  requires  the  basic  flight  crew,  plus  a 
relay  repeater  operator.  For  this  case,  it  is  assumed  that  the  relay  repeater 
equipment  consist  of  many  channels  whieh  must  be  monitored  and  operated  by 
an  additional  crew  member.  Case  3  requires  the  basic  flight  crew,  plus  a 
relay  repeater  operator,  plus  relief  personnel.  For  this  case,  it  is  assumed 
that  the  flight  mission  will  have  a  long  duration  (approximately  twenty  hours), 
and  extra  flight  personnel  are  needed  to  provide  relief  during  the  mission. 
Following  the  listing  of  the  particular  case,  the  required  .number  of  personnel 
are  provided.  The  requirement  is  broken  down  into  the  officers  and  enlisted 
men  needed  for  the  flight  crew,  maintenance  operation,  and  support. 

Table  4-7  gives  military  personnel  and  base  operating  support 
costs  for  the  candidates.  The  military  personnel  costs  ($  per  month)  are  listed 
as  calculated  from  multiplying  the  personnel  requirement  by  the  personnel  rate. 
Thus,  for  the  O-IE  which  has  a  requirement  for  4.6  officers  and  7  enlisted 
men  (for  a  rate  of  $1 , 000  per  month  per  officer  and  $1  50  per  month  per  enlisted 
man),  the  military  personnel  costs  are  $4,  600  and  $1 , 050,  per  month,  respec¬ 
tively,  for  officers  and  enlisted  men.  These  costs  are  added  and  divided  by 
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Table  4-5.  Purchase  and  Operating  Costs 


AIRCRAFT 

COST 

niRFCT  OPERATING  COST 

Attrition 

Fuel 

OH 

R  eplaccfnent 
I’arts 

■I'ntal 

Loshcs/FM 

$/FII 

$/Fn 

$/FII 

$/FI  1 

O 

1 

$19, 000 

15x10*'’ 

$2.  fi5 

$2.  00 

$  5.  18 

$  10.03 

U-1A 

122, 000 

13x!0''’ 

15.  fi7 

4.  09 

4.  53 

24.  49 

U-6A 

9fi, 000 

13x10*'’ 

1  2.  75 

3.  20 

8.  49 

24.  44 

U-fiD 

114, 000 

13x10*'’ 

14.  82 

5.  06 

7.  52 

27.  40 

CV-Z 

72S, 000 

13x10*^ 

94.  25 

21. 41 

69.  37 

185.  03 

C-47 

300, 000 

•  s 

13>;i0 

39.  00 

17.  00 

21.  00 

77.  00 

C-123 

673, 000 

13x10*^ 

86.  81 

38.  00 

36.  00 

160.  81 

OH-13 

55, 000 

44x10*’ 

24.  20 

2.  83 

11.  64 

38.  67 

UH-in 

247, 000 

31x10*^ 

76.  SO 

7.  90 

34.  52 

118. 92 

NOTE:  Fuel  and  Oil  Cost  is  for  Normal  Cruise. 
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Aircraft 

Use 

fh/mo 

Case 

Per  sonnel 
Flight 

Req\iirements 

Maintenance 

breakdown 

Support 

Off. 

Fnl. 

Off. 

Enl. 

Off. 

Fnl 

O-IE 

100 

1 

4 

0 

0 

S 

.f. 

2 

U-IA 

100 

1 

4 

0 

0 

7 

.6 

3 

2 

4 

2 

0 

7 

4 

U-6A 

100 

1 

4 

0 

0 

9 

.6 

4 

2 

4 

2 

0 

9 

.  h 

5 

U-fi 

100 

1 

4 

0 

0 

9 

.  6 

4 

2 

4 

2 

0 

9 

.  6 

5 

CV-2 

100 

2 

4 

2 

0 

20 

.6 

10 

2 

4 

4 

0 

9 

.  5 

4 

C-47 

100 

3 

6 

6 

0 

9 

.  6 

5 

C-123 

100 

2 

6 

6 

0 

17 

.  6 

7 

OH-13 

50 

1 

2 

0 

0 

5 

.  5 

3 

1 

2 

0 

0 

7 

.  5 

4 

UH-1 

50 

2 

2 

1 

0 

7 

.  5 

4 

CASE  1  A  special  relay  repeater  operator  not  required, 

CASE  2  A  special  relay  repeater  operator  is  required, 

CASE  3  A  special  relay  repeater  operator  is  required,  and  relief  personnel  a 
needed  do  to  long  duration  flights. 


Table  4-7,  Cost  of  Military  Personnel  &  Base  Operations  Support 


Aircraft 

Use 

Case 

Mil.  Pers 

Cost  $/Mo. 

Mil.  I’crs. 
Cost  $/FII 

I\.  ().  S. 
Cost  $/KII 

Off. 

Enl. 

O-IE 

100 

1 

$1,050 

$56.  50 

$5f).  5(1 

V-1  A 

100 

1 

$1,500 

$61. 00 

$61 .  00 

2 

$1,'150 

$65.  5  0 

$65.  5t) 

V-6A 

100 

1 

$4,  600 

$1,950 

$65.  50 

$65.  5t) 

2 

$4,  600 

$2, 400 

$70.  00 

$7f).  00 

V-8 

100 

1 

$4,  600 

$1,950 

$65. 50 

$65.  50 

2 

$4, 600 

$2, 400 

$70. 00 

$70.  Oti 

CV-2 

100 

2 

$4, 600 

$4, 800 

$94. 00 

$63.  tit) 

C-47 

100 

2 

$4,  500 

$2,  550 

$70.  50 

$47.  f»f) 

$6,  600 

$3,000 

$96.  00 

$64,  Ot) 

C-123 

100 

2 

$6,  600 

$1,  500 

$11  1. 00 

$74. 00 

OH.13 

50 

1 

$2,  500 

$1,200 

$74.  00 

$74. 00 

$83.  00 

$8  3.  00 

UH-1 

50 

1 

$2, 500 

$1, 650 

$86.  00 

$86.  00 

2 

$2, 500 

$1 , 800 

1  Case  1,2,  &  3  are  the  same  as  for  Table  4-6 

i 


Personnel  rates  are: 


$1000.  00  per  Officer  per  month 
$1S0.  00  per  Enlisted  per  month 


the  flight  hours  per  month  (100  for  O-IE)  to  give  the  military  personnel  costs 
per  flight  hour  ($56.  50  for  the  O-IE).  The  base  operating  cost  is  determined 
from  a  general  relationship  between  the  cost  of  military  personnel  and  base 
operating  support.  This  relationship  is  that  for  the  cargo  transport  candidates 
(C-47,  C-123  and  CV-2)  the  base  operating  support  is  equal  to  67%  of  the  mili¬ 
tary  personnel  coat,  and  for  the  other  candidates  the  base  operating  support 
cost  is  the  same  as  the  military  personnel  cost. 

B.  Basis  for  Cost  Information  (Table  4-5) 

1.  Aircraft  Cost.  The  cost  of  the  OH-13,  UH-ID,  U-6A, 
U-8D,  CV-2B,  U-IA,  and  O-IE  are  the  values  listed  for  flyaway  cost  in  Sec¬ 
tion  II  of  Chapter  4  of  FM  101-20,  rounded  off  to  the  nearest  $1,  000.  The  cost 
of  the  C-123  was  obtained  from  personnel  at  Northrop  Norair,  and  the  cost  of 
the  C-47  is  an  estimate. 

2.  Aircraft  Loss  Rate  (Losses  per  Flight  Hour).  The  num¬ 
bers  of  losses  per  flight  hour  for  the  CV-2,  U-IA,  U-8,  UH-1,  U-6,  OH-13 
and  O-IE  are  the  values  listed  for  wartime  MOB  inactive  or  non-combat  in 
Section  III  of  Chapter  1  of  FM  101-20,  rounded  off  to  two  significant  figures. 
The  values  for  the  C-47  and  C-1 23  are  assumed  to  be  the  same  as  for  the  CV-2. 

3.  Fuel  and  Oil  (Dollars  per  Flight  Hour).  The  costs  for 
fuel  and  oil  used  per  flight  hour  are  taken  from  Section  I  of  Chapter  4  of 
FM  101-20  for  the  U-IA,  U-6A,  U-8D,  CV-2,  OH-1  3  and  UH-1 ;  and  for  the 
O-IE,  C-47  and  C-123,  they  are  taken  from  Table  4  of  AFM  172-3. 

4.  Replacement  Parts  (Dollars  per  Flight  Hour).  The 
costs  for  replacement  parts  consumed  in  the  maintenance  process  per  flight 
hour  are  taken  from  Section  I  of  Chapter  4,  FM  101-20,  for  the  O-IE,  U-IA, 
U-6A,  U-8D,  CV-2,  OH-13  and  UH-1;  and  from  Table  4  of  AFM  172-3  for  the 
C-47  and  C-123. 

C.  Procedure  for  Determining  Personnel  Requirements  (Table  4-6) 


1.  Determine  Aircraft  Use  (Flight  Hours  per  Month).  The 
numbers  for  OH-13  and  UH-1  are  based  on  information  contained  in  the  April 
1966  issue  of  United  States  Army  Aviation  Digest,  which  stated  that  the  UH-1 
helicopters  are  averaging  over  50  flying  hours  per  month.  The  numbers  for 
the  other  aircraft  are  based  on  information  in  AFM  26-3H,  12  October  1966. 

2.  Determine  Flight  Personnel  Requirements  (Officers/ 
Enlisted  Men).  The  crews  for  the  candidate  aircraft  are  as  follows:  (These 
values  arbitrarily  selected) 


O-IE 

Case  1 

2  officers 

U-IA 

Case  1 

2  officers 

U-IA 

Case  2 

2  officers 
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1  enlisted 


U-6A 

Same 

as 

U-IA 

U-8 

Same 

as 

U-IA 

CV-2 

Case 

2 

C-47 

Case 

2 

C-47 

Case 

3 

C-123 

Case 

2 

OH- 13 

Case 

1 

UH-1 

Case 

1 

UH-1 

Case 

2 

officers 

2 

enlisted 

officers 

2 

enlisted 

officers 

3 

enlisted 

officers 

3 

enlisted 

officers 

officers 

officers 

1 

enlisted 

Next,  it  is  assumed  that  each  flight  personnel  will  fly  50  hours  per  month. 
Then  one  crew  is  required  for  the  helicopters  which  fly  50  hours  each  month 
and  two  crews  are  required  for  the  other  aircraft  which  fly  100  hours  per 
month. 


3  .  Determine  Maintenance  Manpower  (Enlisted  Men).  The 
number  of  maintenance  men  required  is  determined  from  the  required  MH/FH 
(maintenance  man  hours  per  aircraft  flight  hour).  From  FM  101-20,  25  March 
1966,  Section  VIII,  the  direct  productive  maintenance  man-hour  requirements 
per  flight  hour  (MH/FH)  are: 


U-1 

5.  77 

MH/FH 

U-6 

7.  79 

MH/FH 

U-8D 

7.  70 

MH/FH 

U-8F 

7.  01 

MH/FH 

0-1 

4.  29 

MH/FH 

CV-2 

18.19 

MH/FH 

UH-IB 

9.  67 

MH/FH 

UH-ID 

9.  67 

MH/FH 

OH-13G 

8.  63 

MH/FH 

OH-13H 

6.  75 

MH/FH 

OH-13S 

6.  75 

MH/FH 

From  AFM  26-3H,  12  OctoLer  1966,  Table  II,  the  maintenance  manpower 
requirements  are: 


C-47 

8  MH/FH 

C-123 

15  MH/FH 

U-4 

7  MH/FH 

U-6 

7  MH/FH 

U-4 

7  MH/FH 

U-6 

7  MH/FH 

9  Men  per  aircraft  for 
17  Men  per  aircraft  for 
8  Men  per  aircraft  for 
8  Men  per  aircraft  for 
5  Men  per  aircraft  for 
5  Men  per  aircraft  for 


100  FH  per  month 
100  FH  per  month 
100  FH  per  month 
100  FH  per  month 
50  FH  per  month 
50  FH  per  month 
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From  this  information,  the  following  table  is  established: 


Aircraft 

Use 

>^/FH 

Maintenance 

Men 

O-IE 

100 

4.  29 

5 

U-IA 

100 

5.  77 

7 

U-6A 

100 

7.  79 

9 

U-8D/F 

100 

7.  70/7.  10 

9 

CV-2 

100 

18.  19 

20 

UH-IB/D 

50 

9.  67 

7 

OH-13H/S 

50 

6.  75 

5 

C-47 

100 

8 

9 

C-123 

100 

15 

17 

4.  Determine  Support  Personnel  Requirements  (Officers/ 


Enlisted  Men).  Requirements  for  support  personnel  are 
published  requirements  on  other  aircraft.  The  following 
from  information  presented  in  Table  1  of  AFM  172-3,  31 

estimated  based  on 
table  is  prepared 
March  1966. 

Aircraft 

Program  Personnel 
Officers  Airmen 

Support  Personnel 

Officers  Airmen 

F-lOO 

3 

21 

.  7 

9.  5 

F-105 

2.  6 

26 

.  6 

11.  5 

B-57 

3 

15.6 

.  7 

7 

RB-66 

8.4 

30 

1.8 

13 

F-4 

4.  3 

30 

.  8 

11.5 

C-124 

10 

49 

.  6 

9.  5 

C-130 

6 

32 

.  6 

10 

Values  for  the  fighters  and  bombers  are  for  General  Purpose  Forces  and 
squadrons  of  18  aircraft.  Values  for  the  cargo  transports  are  for  Airlift  and 
Sealift  Forces  Industrial  Fund  and  squadrons  of  16  aircraft. 

NOTE 

Requirements  listed 
are  per  aircraft. 
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Based  on  the  previous  table,  the  following  table  is  prepared  to  give  estimates 
of  the  support  personnel  requirements: 


Program  Personnel  Support  Personnel 


Aircraft 

Officers 

Enlisted 

Officers 

Enlisted 

O-IE 

4 

5 

.6 

2 

U-IA 

4 

7 

.  6 

3 

4 

9 

.6 

4 

;  U-6A 

4 

9 

.6 

4 

4 

11 

.  6 

5 

U-8 

4 

9 

.6 

4 

4 

11 

.6 

5 

CV-2 

4 

24 

.6 

10 

;  UH-i 

2 

7 

.  5 

4 

i 

i] 

2 

8 

.  5 

4 

OH- 13 

2 

5 

.  5 

3 

C-47 

4 

13 

.  5 

4 

6 

15 

.6 

5 

V  C-123 

6 

23 

.6 

7 

Requirements  listed  are  per  aircraft. 


D.  Cost  Relationship  for  Share  of  Base  Operating  Support 
(Table  4-7),  Costs  for  Base  Operation  Support  are  estimated,  based  on  pub¬ 
lished  requirements  on  other  aircraft.  The  following  table  is  prepared  from 
information  presented  in  Table  1  of  AFM  172-3. 


Military  Personnel 

Cost  Share  of  B.  O.  S. 

Aircraft  $ /air  craft /month  $ /air  craft /month 


F-lOO 

$11,  400 

$13,  400 

F-105 

12,  800 

15,  000 

B-57 

9.  100 

10,  200. 

RB-66 

20,  200 

21, 200 

F-4 

16, 200 

18, 900 

C-124 

27, 900 

18, 500 

C-130 

18, 600 

12,  600 
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For  the  cargo  transports,  the  share  of  B.O.S.  is  approximately  67%  of  the 
Military  Personnel  cost.  For  the  others,  the  share  of  B.O.S.  is  about  15% 
more  than  the  Military  Personnel  cost.  It  is  ass.  med  that  for  the  C-47, 
C-1Z3  and  CV-2,  share  of  B.O.S.  is  67%,  as  much  as  Military  Personnel, 
and  for  the  other  aircraft,  share  of  B.O.S.  and  Military  Personnel  costs  are 
equal. 


NOTE 

Share  of  B.O.S.  for  the  other  aircraft  is 
assumed  equal  to  Military  Personnel  rather 
than  15%  more  since  B.O.S.  of  support  air¬ 
craft  would  not  be  as  costly  as  B.  O.  S.  for 
tactical  fighters  and  bombers. 


4.  5.  4.  2.  2  Costs  for  Unmanned  Military  Aircraft  HARR  Platforms.  The 
only  drone  candidate  that  survived  to  the  cost-effectiveness  "run-off  was  the 
DASH  helicopter. 


The  total  flight  hour  on-station  costs  for  the  DASH  helicopter 
when  modified  and  equipped  for  the  HARR  mission  are  expected  to  be  slightly 
above  those  given  in  Table  4-5  for  the  U-8D  manned  aircraft. 


4 .  5.4.  2 .  3  Costs  for  Special  Platform  Types 

A.  Tethered  Balloon.  The  platform  and  tether  line  costs  for  a 
blimp-shaped  tethered  balloon  platform  are  presented  as  follows: 


Channels 


Height 


Airborne  Weight 


Ground  Payload 
_ Weight 


Platform 

Cost 


2 

6 

14 

14 


2,  000  ft. 

3,  000  ft. 
5,  000  ft. 

15,  000  ft. 


48  pounds 
282  pounds 
628  pounds 
628  pounds 


150  pounds 
51  0  pounds 

1 ,  000  pounds 

2,  400  pounds 


$  7,  800 
16, 800 
26, 000 
45,  000 


Under  the  assumption  that  a  thethered  balloon  HARR  platform 
would  not  be  used  during  high  winds,  an  attrition  rate  of  .  004  per  flight  hour 
has  been  estimated.  It  is  also  estimated  that  two-man  teams  working  in  eight- 
hour  shifts  will  be  required  to  fly  and  support  a  two-channel  balloon  system. 
This  is  increased  to  a  three-man  team  for  the  six-channel  system,  a  four- 
man  team  for  the  14-channel  system  at  5,  000  feet,  and  a  five-man  team  for 
the  14-channel  system  at  15,000  feet.  Ground  support  costs  are  based  mostly 
on  the  183-pound  standard  helium  cylinders  which  must  be  supplied.  Some 
estimates  indicate  that  the  balloons  could  remain  aloft  for  only  48  hours;  but 
with  the  improved  material  now  available,  an  estimate  equal  to  the  life  of  the 
batteries  is  used. 


» 
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Total  single  station  and  channel  per  flight  hour  costs  are  given 
below  for  the  various  suggested  blimp  configurations: 


Channels 


Attrition/ 

FH 


Personnel/ 

FH 


General 
Support/  FH 


Total  Total 

System/ FH  Channel / FH 


2  $  31. 20 

6  67.20 

14  at  5,  000  ft.  104.  00 

14  at  15.  000  ft.  180.  00 


$  5.  05 
7.  56 
9.  08 
12.  60 


$  10.00 
34.  00 
67.  00 
160  00 


$  45.25 
108. 76 
180.  08 
352. 60 


$22.  62 
22.  46 
12.  90 
25.  20 


These  costs  do  not  include  those  for  the  repeater  and  its  support. 


B.  Treetop  Platform.  The  most  expensive  part  of  the  treetop 
system  will  be  the  cost  of  the  aircraft  used  to  plant  and  recover  the  platform. 
The  cost  figures  given  are  based  on  the  use  of  a  UH-1  helicopter  which  is  esti¬ 
mated  to  be  able  to  plant  and  recover  50  treetop  platforms  during  its  50-hour 
monthly  utilization.  Some  of  the  ground  support  will  involve  the  handling  and 
supply  of  the  CO2  bottles,  but  these  costs  are  not  considered  to  be  high.  The 
attrition  rate,  however,  is  estimated  to  be  10  times  that  of  the  tethered  bal¬ 
loon.  For  a  two-channel  system  not  including  repeater  costs,  the  following 
estimates  are  given: 


Deployment/  Total  Total  per 

Channels  Attrition  Per.*^onnel  Recover  System  Channel 

2  $20/FH  $5.05/FH  $41.00/FH  $71.  05/FH  $35.32 

4.  5.  4.  3  Cost-Effectiveness  Modeling.  Before  the  cost-effectiveness  mod¬ 
eling  WPS  begun,  it  was  decided  that  the  major  platform  cost-effectiveness  was 
to  attain  the  greatest  on-station  time  at  minimum  cost  that  was  possible  within 
HARR  altitude,  position  keeping,  and  crew  endurance  constraints. 

When  the  cost-effectiveness  modeling  was  initially  attempted,  con¬ 
siderable  care  went  into  time  and  distance  to  home  base  considerations,  turn 
around  time,  relief  scheduling,  number  of  backup  aircraft  needed,  and  many 
other  operational  factors.  However,  when  all  the  flight  hours  required  of  a 
single  aircraft  for  one  month  of  HARR  activity  were  totalled,  almost  invariably 
this  total  exceeded  AVCOM  established  monthly  flight  hour  limits  specified  for 
that  aircraft.  This  brought  the  realization  that  the  aircraft  operational  flight 
hour  limit  was  the  overriding  factor,  and  that  the  modeling  development  had  to 
be  reinitiated  with  this  consideration  in  view. 

This  second  modeling  development  is  described  in  the  following 

paragraphs. 
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4.  5.  4.  3.1  Cost-Effectiveness  Model  Design 


A.  Approach.  The  basic  approach  taken  in  designing  the  HARR 
cost-effectiveness  model  was  to  attack  first  those  items  of  the  total  cost  for 
which  input  data  would  most  likely  be  obtainable.  These  appeared  to  be  the 
costs  associated  with  procurement  and  operation  of  the  platform.  It  was 
assumed  that  platform  suitability  from  an  operational  point  of  view  would  be 
evaluated  in  accordance  with  a  tactical  model,  the  development  of  which  is 
proceeding  separately.  The  cost-effectiveness  model  was  intended  to  be 
applied  in  making  a  selection  of  a  platform  or  a  platform  mix,  from  a  set  of 
operationally  suitable  platforms,  on  the  basis  of  the  cost  of  mounting  and  sus¬ 
taining  the  effort  during  the  greatest  practical  on-station  time. 

The  model  was  designed  to  accept  as  inputs  those  cost  items 
commonly  available  in  terms  of  the  parameters  in  which  costs  are  commonly 
expressed.  As  an  example,  ground  support  costs  are  often  stated  in  terms  of 
the  flight  hours  per  aircraft-month.  Accordingly,  flight  hours  per  aircraft- 
month  was  taken  as  a  basic  oarameter. 

Consideration  of  other  costs,  such  as  training,  was  deferred  until 
a  more  firm  estimate  of  the  required  effort  was  established. 

B.  Inputs 

1.  Flight  hours  per  aircraft  month:  This  is  the  basic 
parameter  by  which  operating  costs  are  computed. 

Z.  Operating  costs  per  flight  hour:  This  is  a  function  of 
the  flight  hours  per  aircraft  month. 

3.  Support  costs  per  flight  hour:  This  is  a  function  of  flight 
hours  per  aircraft  month. 

4.  Endurance  and  other  platform  performance  characteris¬ 
tics:  These  characteristics  are  necessary  in  determining  the  number  of  plat¬ 
forms  required,  both  at  the  operating  base  and  in  the  system. 

5.  Failure  and  loss  rates:  These  factors  are  necessary  in 
determining  the  number  of  platforms  required,  both  at  the  operating  base  and 
in  the  s  ystem. 

6.  An  assumed  tactical  situation  which  defines  the  distances 
to  be  transited,  on  station  times,  and  number  of  sites  to  be  supported. 
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C.  Unaccounted  Items 


1.  Aborted  Flights.  If  an  abort  rate  is  available  or  can  be 
estimated,  it  may  be  applied  to  the  number  of  aircraft  required  on  the  flight 
line.  An  aborted  flight  will  most  likely  be  replaced,  with  the  result  that  addi¬ 
tional  flight  line  aircraft  are  required. 

2.  Inclement  Weather.  It  is  possible  that  energetic  ground 
actions  will  be  conducted  when  it  is  impossible  to  put  an  airborne  platform  on 
station.  This  is  particularly  so  in  the  case  of  conventionally  powered  (recip¬ 
rocating  engine,  propeller  driven)  aircraft.  Since  altering  the  number  of  simi¬ 
lar  platforms  will  not  alter  the  situation,  it  is  suggested  that  the  appropriate 
point  of  application  of  this  factor  is  in  determination  of  the  operational  accept¬ 
ability  of  the  platform  or  of  a  platform  mix. 

D.  Methodology 

Step  I.  Calculate  platform  endurance  and  its  components. 

This  will  generally  be  an  iterative  process  with  the  objective  of  maximizing 
on-station  time  for  a  given  tactical  situation.  Inputs  for  the  process  are  the 
platform  performance  characteristics  commonly  expressed  by  means  of  graphs 
for  a  specified  platform  model,  configuration  and  loading. 

E:  Platform  endurance. 

RT:  Reserve  flight  time  required  over  base  on 
return. 

FT:  Usable  platform  time. 

FT  =  E  -  RT 

TT:  Transit  time  from  operating  base  to  oper¬ 
ating  area. 

CT:  Climbing  time,  time  required  to  reach  oper¬ 
ating  altitude. 

ERT:  Enroute  time,  time  required  to  reach  opera¬ 
ting  position.  Reaching  operating  position 
will  generally  involve  a  horizontal  and/or 
vertical  displacement  of  the  platform.  The 
platform  is  not  on  station  until  both  are  com¬ 
pleted. 


[tt 

ERT  =  Maximum  ( 

I  CT 


RBT:  Time  required  :o  return  to  operating  base 
from  operating  area.  This  is  not  a  factor 
when  expendable  platforms  are  being  con¬ 
sidered. 


OST:  On-station  time,  that  period  of  time  during 
which  platform  position  satisfies  both  alti¬ 
tude  and  geographic  requirements. 


The  relationships  of  the  components  of  FT  are  expressed  by  the  following 
equation: 

FT  =  EPT  +  OST  +  RBT 

TAT:  Turn  around  time,  that  period  of  time 

required  to  ready  an  item  for  use. 

OP:  Operating  period,  the  period  of  time 

required  for  a  platform  to  complete  one 
operating  cycle  of  flight  and  turn  around 
time. 


OP  =  FT  +  TAT 

Step  II.  Calculate  a  value  for  the  number  of  air  craft  required 
to  support  a  specific  tactical  situation  in  accordance  with  the  steps  listed 
below: 


1.  Compute  the  number  of  individual  sorties 
per  month  required: 


SPM  (req.  ) 


(30)(TOS) 

(OST) 


2.  Compute  the  number  of  sorties  which 
one  aircraft  can  fly  in  one  month: 


SAM 


(EFF) 

(FT) 


3.  Compute  the  estimated  number  of  air¬ 
craft  required  on  the  flight  line: 


FLA  (est.  ) 


(SPM  [req.  ]) 
(SAM) 


The  accuracy  of  this  estimate  may  be  judged  qualitatively  and  roughly  for  a 
given  situation  and  platform  FLA  (est.  )  is  fairly  stable  unless  OST  can  vary 
over  a  wide  range.  This  will  be  done  in  slightly  more  detail  in  succeeding 
steps. 
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FLA  (est.  )  can  be  factored  as  the  product  of  two  quotients: 


(FT)  (TOS)  (30) 

(OST)  (EFF) 

The  first  factor  will  be  used  later  as  "the  number  of  aircraft 
required  to  be  airborne  simultaneously."  The  second  is  the  number  of  air  craft 
per  month  required  to  provide  the  coverage  required  if  each  aircraft  realizes 
maximum  utilization.  FLA  (est.  )  results  in  a  value,  therefore,  which  is  some¬ 
where  between  the  number  of  aircraft  required  on  the  flight  line  and  the  num¬ 
ber  of  aircraft  required  in  the  system  and  may  therefore  be  useful  as  an  esti¬ 
mate  of  neither.  It  appears  that  refinement  of  the  estimate  is  appropriate. 

Step  III.  Depending  on  the  value  of  TOS,  branch  atthis  point 
in  the  computation. 


1.  TOS  =  24,  goto  step  IV 

2.  TOS  <  24,  go  to  step  V 

NOTE 

In  the  common  situation  where  n  stations  are  supported  from 
the  same  flight  line  or  launch  point,  the  value  OST  should  be 
replaced  by  OST/n  wherever  it  appears.  For  purpose of  sched¬ 
uling,  OST/n  is  the  effective  OST.  It  appears  that  significant 
savings  may  be  realized  in  some  cases  by  supporting  as  many 
stations  as  possible  from  one  launch  point  due  essentially  to  the 
shorter  effective  OST  which  is  the  launch  interval  in  a  regular 
launch  schedule. 

Step  IV  (TOS  =  24).  Calculate  the  number  of  aircraft 
required  on  the  flight  line. 


1.  Compute  the  number  of  air  craft  required 
to  be  airborne  simultaneously. 


D 


next  integer  larger  than 


(FT) 

(OST) 


2.  Compute  the  service  time  available 
between  landing  and  the  next  launch. 


ST  =  (D)  (OST)  -  (FT) 


3.  Compute  the  ratio. 


R 


TAT 

ST 
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4. 


Compute  the  number  of  flight  line  air¬ 
craft  required  to  next  larger  integer. 


FLA  (req.  ) 


D  + 


TAT  -  ST 
OST 


:  R  >  1 


or 

D  :  R  s  1 


Step  V  (TOS  <  24).  Calculate  the  number  of  aircraft  required 

on  the  flight  line. 

Compute  the  sorties  per  day  required. 

(TOS) 

(OST) 

Rounded  to  the  next  larger  integer 
=  (30)  (SPD) 

Adjust  the  sortie  (OST). 

TOS 

SPD  (req.  ) 

Adjust  the  flight  time  per  sortie. 

=  FT  -  OST  +  OST  (adj.  ) 

NOTE 

From  this  point  all  computed  values  will  be 
assumed  based  on  aujusted  values  to  obviate 
the  need  to  write  (adj.  ). 

4.  Begin  a  recursive  computation  to  deter¬ 
mine  the  minimum  number  of  flight 
line  aircraft  as  follows; 

ST  =  (K)  (x)  -  FT  +  (OST)  (y) 

where 

x  =  1,  2, - ,  N, - - 

y  =  0,  1, - ,  SPD-1 

K  =  the  interval  between  starting  each  cycle.  In  the  case 
of  one  on-station  period  per  day»  K  equals  24  hours. 


1. 

SPD  (req.  ) 

SPM  (req.  ) 
2. 

OST  (adj.  ) 
3. 

FT  (adj.) 
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Start  with  x  =  1,  Y  =  0, 
Compute  the  ratio  RF 


RF 


TAT 

ST 


If  RF  ^  1,  go  to  step  VI  to  determine  if  FLA  can  be  less  than  SPD. 


NOTE 

A  departure  from  generality  is  made  at  this 
point  in  that  several  on-station  periods  may 
be  scheduled  in  one  day.  In  that  case  (K)  (x) 
would  be  replaced  by  a  sum.  However,  it  is 
expected  that  a  sufficiently  close  estimate  will 
be  obtained  if  regular  intervals  are  assumed. 

If  RF  >  1,  compute  the  ratio  N 

FT  +  TAT 

N  -  - 24 - 

Round  N  to  the  next  integer  less  than  the  ratio. 

Set  X  =  N  and  solve  for  the  value  of  y  which  makes  R  ^  1 
If  y  ^  (SPD  -  1),  then 

FLA  =  (N)  (SPD)  +  (y  -  1) 

If  y  >  (SPD  -  1),  then 

FLA  =  (N)  (SPD) 

Step  VI.  To  determine  relief  cycle/short  TAT  relationships 
proceed  in  accordance  with  the  following  steps. 

1.  Compute  the  number  of  aircraft  required 
to  be  airborne  simultaneously. 

FT 

ASA  =  next  integer  larger  than  D  s  SPD 
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NOTE 


ASA  will  only  be  greater  than  SPD  when  FT 
is  greater  than  TOS.  It  would  be  a  ridicu¬ 
lously  extreme  situation,  however,  in  which 
more  than  SPD  platforms  would  be  airborne 
simultaneously.  It  would  require  an  unreal¬ 
istic  combination  of 


TOS,  very  large,  approaching  24 
FT,  very  large 
OST,  very  small 

so  that  flights  for  the  next  period  are  launched 
while  current  flights  are  still  airborne. 

2.  Compute  the  short  service  time  available. 
SST  =  (ASA) (OST) -  FT 

3.  Compute  the  ratio  RH. 


RH 


TAT 

SST 


If  RH  >  1,  round  to  the  next  larger  integer  and  go  to  Step  VI-4  below. 


4.  Compute  the  sum  S. 


S  =  D  +  RH 

If  S  ^SPD,  FLA  =  (D  +  RH) 

If  S  >  SPD,  FLA  ^  SPD 

Step  VII.  Calculate  the  expected  flight  hours  per  aircraft  per 
month  and  adjust  FLA  if  appropriate. 

1.  Compute  the  ratio  RE. 


(30)  (TOS) 

"  FLA  +  C 

where  C  =  0,  1,  2, - ,  M, - 

with  C  =  O 

If  RE  ^  EFF,  use  RE  as  EFF  and  do  not  adjust  FLA. 
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NOTE 


This  is  to  the  platform's  advantage.  FLA 
assumes  a  maximum  schedule.  If  the  sched¬ 
ule  can  be  met  with  less  effort  than  EFF,  any 
attempt  to  raise  RE  is  inefficient  except  for 
increasing  TOS  which  may  be  pointless. 

If  RE  >  EFF  increase  C  by  1  integer  at  a  time  and  select  that 
value  M  which  makes  RE  nearest  EFF. 

Use  FLA  (adj.  )  =  FLA  +  M 

Step  VIII.  Calculate  the  costs  of  operating  and  supporting 

the  platform. 

1.  Compute  the  operating  costs  per  month 
per  station  maintained. 

CPM  =  (SPM)  (FT)  (OCH) 


where 


SPM  and  FT  are  computed  in  either  Step  IV  or  Step  V. 

OCH  is  obtained  by  table  look-up  based  on  EFF  (or  RE  as  in 
Step  VI)  as  the  operating  costs  per  flight  hour. 

2.  Compute  the  cost  of  operational  support 
at  the  appropriate  level  of  flight  effort 
(EFF  or  RE). 

OSC  =  (FLA)  (OSC/Aircraft  month) 


where 


FLA  results  from  the  computations  of  Step  VII. 
OSC/Aircraft  Month  is  tabulated  with  respect  to  EFF. 

NOTE 

Some  tabulations  may  combine  items 
CPM  and  OSC,  generally  in  the  form 
used  above  for  CPM. 
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3.  Compute  the  cost  with  respect  to  ground 
support  personnel. 

GSP  -  (FLA)  (Pers.  /Aircraft)  (Cost/Pers) 


where 


FLA  results  from  the  computations  of  Step  VIL 
Pers.  /Aircraft  is  commonly  tabulated  with  respect  to  EFF. 
Cost/Pers.  may  not  be  available.  It  may  be  estimated  or 
"number  of  persons"  maybe  used  as  a  separate  cost  mea¬ 
sure. 


Step  IX.  Calculation  of  the  number  of  flight  crews  required 
on  the  flight  line  can  be  made  to  directly  parallel  the  calculation  of  the  number 
of  flight  line  aircraft  required  in  most  cases.  The  scheme  is  to  treat  a  flight 
crew  as  if  it  were  an  aircraft  with  different  performance  characteristics.  The 
following  substitutions  are  appropriate: 

Instead  of  Use  this 

OST  FT:  This  is  the  time  during  which  the  crew 

is  performing  usefully. 

FT  ET:  The  total  time  devoted  by  the  flight 

crew  to  a  sortie.  Includes  brief, 
debrief,  etc. 

TAT  CRT:  A  relaxation  period  between  flights.  In 

extremes  this  can  be  deleted  since 
nothing  in  computations  precludes 
TAT  =  O. 

Computations  to  account  for  diurnal  and  periodic  extended 
rest  and  recreation  periods  more  closely  parallel  those  of  overhaul  periods  in 
the  case  of  aircraft.  With  respect  to  diurnal  periodicity  a  reasonable  approxi¬ 
mation  may  be  obtained  if  TOS  is  taken  as  8  hours  and  the  result  multiplied 
by  3. 


The  number  resulting  from  the  computations  will  represent 
flight  crews  required  on  the  flight  line  (FCR)  instead  of  aircraft  required  on 
the  flight  line  (FLA). 

Step  X.  Calculate  the  number  of  aircraft  (or  flight  crews) 
required  in  the  overhaul/operating  base  cycle. 
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1.  Compute  the  expected  time  between  over¬ 
hauls  (TBO)  for  each  aircraft. 

HBO  . 

TBO  =  ■  in  months 

Err 


where 


HBO  is  the  time  in  hours  between  overhauls. 
EFF  is  taken  as  EFF  or  RE  from 


2.  Compute  the  ratio  RO. 


RO 


OHT 

TBO 


where 


OHT  is  the  time  in  months  required  per  overhaul. 

RO  is  the  ratio  of  the  number  of  aircraft  in  overhaul  to  that  num 
ber  on  the  flight  line. 

3.  Compute  the  total  number  of  aircraft 

required  (TAR)  per  tactical  situation  and 
expected  overhaul  costs. 

lAR  =  (FLA)  (1  +  RO) 

NOTE 

Stop  X  starting  with  1  above  may  be  used  to 
estimate  the  number  of  flight  crews  required 
when  periods  of  R  and  R  are  scheduled  at 
regular  intervals.  Such  intervals  are  probably 
scheduled  by  calendar  time  but  it  is  possible 
that  other  criteria,  such  as  number  of  missions 
flown,  will  also  apply.  In  the  latter  case,  the 
rotation  schedule  computations  more  closely 
parallel  those  for  aircraft  where  the  compara¬ 
ble  criterion  is  flight  hours. 


4.  Compute  the  expected  costs  of  overhauls 
per  month  for  FLA. 


COH 


(FLA)  (CPO) 
TBO  +  OHT 


where 


CPO  is  the  cost  per  overhaul. 
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Step  XI.  Determine  the  cost  of  personnel  training.  This 
cost  will  be  some  function,  as  yet  undetermined,  of  the  number  of  personnel, 
both  flight  and  ground,  and  of  the  type  platform. 

CPT  =  C  (flight  crews,  ground  support  pers.  ,  platform  type) 

Step  XII.  Calculate  expected  procurement  costs. 

1.  Compute  expected  losses  per  month. 

LPM  =  (FT/mo.  )  (LPH) 


where 


FT/mo.  is  the  total  flight  time  per  month. 

LPH  is  the  estimated  losses  per  flight  hour. 

2.  Compute  expected  procurement  costs  per 
month. 


COP 


TAR 

L 


+  LPM  CPU 


where 


L  is  the  expected  life  of  the  platform  in  months. 

CPU  is  the  cost  per  unit  platform. 

Step  XIII.  Calculate  the  cost  of  non-expendablt  ground  sup¬ 
port  items  per  month. 

Cost  of  items 


where  L  is  the  expected  life  of  each  item  in  months. 

Step  XIV.  Calculate  the  cost  of  supporting  a  remote  launch 
point  (CRS)  when  required.  Determination  of  this  cost  item  requires  informa¬ 
tion  not  yet  available.  Consideration  of  the  overall  cost  should  include  it,  how¬ 
ever.  There  will  be  a  cost  trade-off  between  the  savings  realized  by  shorten¬ 
ing  the  distance  from  launch  point  to  operating  area,  and  the  cost  of  supporting 
the  remote  station.  The  cost  will  be  some  function  of  the  flight  effort  supported 
from  that  station  and  its  remoteness  from  a  resupply  point. 

CRS  =  C  (FLA,  FT,  distance  to  resupply  point) 
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Step  XV. 

Calculate  the  total  ccsts  per  month. 

Item 

Step 

Factors  Cost:  $/mo, 

CPM 

VII -1 

N  (SPM)(FT)(OCH) 

osc 

VIII -2 

N  (FLA)(OSC/ACMo.  ) 

GSP 

VIII -3 

N  (FLA)(Pers.  )(Cost) 

FCP 

IX 

N  (FCR)(Pers.  )(Cost) 

COH 

X-4 

N  (COH) 

CPT 

XI 

COP 

XII-2 

CCS 

XIII 

Total 
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4.  5.  4.  3.  2  Cost  Tabulation  Example  Used  in  Cost-Effectiveness  Model. 

Costs  of  supporting  the  II  Corps  Area  on  a  24-hour-a-day  basis  with  complete 
coverage  of  the  area  are  presented  as  an  example  of  cost-effectiveness  model 
cost  tabulations. 

Table  4-8  lists  costs  for  four  manned  aircraft  in  three  cost 
categories.  The  aircraft  ure  UH-1,  O-IE,  YAT-37D,  and  C-130.  Cost 
categories  are  direct  operating  costs  in  dollars,  number  of  flight  crews  re¬ 
quired,  and  number  of  aircraft  on  the  flight  line.  Direct  dollar  operating  costs 
include  flight  expendables. 

In  making  the  computations  for  spares  consumed  and  maintenance 
manpower,  two  basic  operational  situations  are  applied.  For  the  UH-1  and 
O-IE,  24  stations  are  continuously  manned  from  9  airfields,  each  of  which  is 
within  25  miles  of  the  operating  area.  For  the  YAT-37D  and  C-130,  3  stations 
are  continuously  supported  from  2  airfields  within  100  miles  of  the  operating 
area.  It  was  necessary  to  short  circuit  the  cost  effectiveness  due  to  insuf¬ 
ficient  time  and  lack  of  firm  data.  For  example,  Turn  Around  Time  (TAT) 
had  to  be  estimated.  Consequently,  a  number  of  items  could  not  he  realis¬ 
tically  estimated,  the  more  significant  of  which  are  listed  below. 

A.  Flight  Crews.  The  number  of  personnel  per  flight  crew  may 
vary  substantially.  The  training  requirement  is  not  known  but  from  an  oper¬ 
ating  standpoint  it  would  seem  that  very  little  additional  training  would  be  re¬ 
quired  since  the  flight  operations  are  basic.  With  respect  to  the  relay  how¬ 
ever,  in  the  case  of  large  aircraft  with  long  endurance,  in-flight  maintenance 
may  be  feasible  indicating  possible  technical  training.  Such  training  might 

be  most  economically  performed  at  a  service  school. 

B.  Aircraft  Procured.  Computations  did  not  include  a  number 
for  aircraft  in  overhaul.  Nor  does  it  allow  for  mission  aborts  due  either  to 
aircraft  or  relay  malfunctions.  Aircraft  price  is  not  presently  available  for 
all  platforms. 

C.  Remote  Support  Operations.  Additional  costs  of  supporting 
operations  at  the  outlying  (or  remote)  stations  is  not  considered.  This  may 
well  be  a  significant  item. 

D.  Housekeeping  Costs.  Housekeeping  costs  generally  are  not 
included  and  input  data  is  not  currently  available. 
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Table  4-8.  Typical  Cost  Figure  for  Supporting  the  End  Corps 
Area  Continuously  with  Types  of  Manned  Aircraft 
Platforms. 


Cost  Item 

IM.ATI  'OR  M 

(1111 

OI 1 

Y  AT  -  3  VI) 

n 

ConaMMii»lil»*s 

Sparra 

Manpowfr  (Maiiit,  ) 

1  0(10 

333, 000 

60S, 000 

43,  f.OO 

1  30, HOO 

3  03, 000 

10,  SOI) 

3  1  700 

ZOO 

1  00,  640 

ZOO,  000 

t  /  /,  000 

Total  (Dollar) 

1,094, HOO 

S67,  400 

1  4  7,  100 

767,  t.  io 

Flight  CJrewfl 

Required 

lOH 

lOH 

IS 

IM 

Flight  Line 

Aircraft 

Re'qnirefl 

144 

lOH 

IH 

1 

i 

1 

4.  5.4.  3.  3 


Typical  Cost  Tabulations 


A.  UH-1  Utility  Helicopter.  Three  operations  supported  from 
each  of  9  remote  stations  gives: 

E  =3  hours  (180  minutes) 


ERT 

1 1^^ I  minutes 

ERT  +  RBT  = 

24  minutes 

OST  156  minutes 

OST  (eff. )  = 

52  minutes 

’KFLA 

4 

SPM 

(30)(E4)(60)^330/^,,tion 

(5  2) 

*FTM  = 

(830)(3)  =  2490  flight  hours /mo.  per 
aircraft  =  620. 

Therefore,  FLA  will  be  multiplied  by  3  or  4  to  make  time  per  aircraft  month 
reasonable,  on  the  order  of  150-200  FLA  w  16 

FLA««  16 

FLP  =  12  crews  for  8-on/l6-off  cycle. 

GSP 


2nd  Corps  FTM  =  (9)  (2490)  =  22,400 


FCP 


108  crews 


FLA 


144  aircraft 


CPM 

Spares  Cons. 
Manpower  (Maint.  ) 


(22,400)  (7) 
(22.  400)  (14) 
(22,  400)  (27) 


$  156,800 

333,  000 
605,  000 
$1,  094,  800 


Flight  Crews  required  108 
Procured  A/C  144 
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B.  0-lE  Observation  Aircraft.  Three  operations  supported 
from  each  of  9  remote  stations  gives: 


E 

ERT 


=  5  hours  (300  minutes) 


25 

-r—r  (60)  =  16  minutes 
104 


ERT  +  RBT  =  32  minutes 

OST  =  268  minutes 


OST  (eff.  ) 
-'FLA 

SPM 

FTM 

*FLA 

FCP 

2nd  Corps  FTM 
CPM 

Spares  Cons. 
Manpower  (Maint.  ) 


89  minutes 
3 

(30)  (24)  (60) 
(89) 


=  486 /station 


=  (486)  (5)  =  2430  per  A/C  =  810 

=  12 

=  12  crews 

=  (9)  (2430)  =  21,  800 


(21,800)  (2) 
(21,800)  (6) 
(21,800)  (14) 


Flight  crews  required  (9)  (12) 
Procured  A/C 


$  43,600 
130, 800 
393, 000 
$567, 400 

108 

108 


C.  YAT-37D  Fixed-Wing  Aircraft.  Two  operations  are 
supported  from  one  major  airfield. 

E  =  2.  5  hours  (150  minutes) 


ERT 


100  . 

(60)  =  19  minutes 


ERT  +  RBT  =  38  minutes 

OST  =  112  minutes 
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OST  (eff. ) 

=  56  minutes 

D 

=  2.7(3) 

FLA 

=  4 

SPM 

.  _(30)(24)(60)  ... 

(56)  " 

FTM 

=  (772)  (2.  5)  =  1930  per  aircraft  =  482 

F  LA  1 2 

FCPte  9 

One  operation  supported  from  one  major  airfield. 

E 

=  2.  5  hours  (150  minutes) 

ERT  +  RBT 

=  38  minutes 

OST 

=  OST  (eff.)  =112  minutes 

D 

=  2 

FLA 

=  4 

SPM 

.  (30)  (24)  (60) 

(112)  ■ 

FTM 

-  (385)  (2.  5)  =  960  per  A/C  =  480 

FLA 

=  6 

FCP 

=  6 

2nd  Corps  FTM 

=  (960) +(1930)  =  2890 

FCP%  15 

F  LA  1 8 

CPM 

Spares  Cons. 
Manpower  (Maint.  ) 

=  (2890)  (14)  =  $  40,  500 

=  (2890)  (12)  =  34.700 

=  (2890)  (25)  =  72,  200 

$147,  400 

Flight  crews  required  15 

Procured  A/C  18 
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D.  C-130  Transport  Aircraft.  Two  operations  supported  from 
one  major  airfield. 


E 

=  9  hours  (540  minutes) 

ERT 

=  (60)  =  22  minutes 

Zo  0 

ERT  +  RBT 

=  44  minutes 

OST 

=  496  minutes 

OST  (eff. ) 

=  248  minutes  (Assume  TAT 

D 

=  3 

FLA 

=  4 

SPM 

_  (30) (24) (60)  _ 

(248) 

FTM 

=  (175)  (9)  =  1575  per  aircraft 

FLA  8 

FCP«s  12 

operation  supported  from  one  major  airfield 

E 

=  9  hours  (540  minutes) 

ERT  +  RBT 

=  44  minutes 

OST 

=  OST  (eff.  )  =  496  minutes 

D 

=  2 

FLA 

=  2 

SPM 

(30)  (24)  (60)  _ 

(496)  ■ 

FTM 

=  (87)  (9)  =  783  per  aircraft  = 

FLA 

=  4 

FCP 

=  6 

=  392 
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2nd  Corps  FTM  =  (783)  +  (1575)  =  2358 
FCP  =  18 

FLA  =  12 

CPM  =  (2358)  (  80)  =  $190,640 

Spares  Cons,  “  (2358)  (  85)  =  200,000 

Manpower  (Maint. )  =  (2358)  (160)  =  377,  000 

$767,640 

Flight  crews  required  18 

Procured  A/C  12 

4.  5.  4.  3.  4  Quantity  of  HARR  Platforms  Required.  The  quantity  of  HARR  plat¬ 
forms  required  depends  on  several  factors.  These  factors  are  related  to 
both  the  mission  requirements  and  the  platform  capability.  Mission  require¬ 
ments  are  not  well  established,  and  will  vary  from  month  to  month  as  the 
operational  situations  change.  Furthermore,  platform  capabilities  vary  for 
the  different  candidates,  and  the  HARR  system  may  very  likely  make  use  of 
a  platform  "mix"  (a  combination  of  different  candidates).  Thus,  a  specific 
quantity  of  platforms  needed  for  HARR  cannot  be  determined  at  this  time. 

The  following  paragraphs  describe  the  factors  that  determine 
the  number  of  platforms  needed.  The  discussion  pertains  specifically  to 
manned  military  aircraft  candidates,  but  is  intended  to  be  general  enough  to 
apply  to  other  possible  platforms.  By  referring  to  the  discussion,  plat¬ 
form  quantity  requirements  can  be  determined,  once  mission  requirements 
and  platform  capabilities  have  been  specified. 

The  factors  considered  are: 

A.  The  number  and  location  (altitude  and  over  ground 
position)  of  the  platform  stations. 

B,  The  length  of  time  (period  of  duration  for  each  assign¬ 
ment  and  total  hours  each  month)  stations  are  required. 

C.  The  scheduling  capability  of  each  candidate  (how  often  it 
can  be  assigned  to  a  station  and  what  portion  of  the  scheduled  flight  is  effective 
time  on  station). 

D,  The  reliability  of  each  candidate  (i.  e.  ,  the  degree  of 
probability  that  the  platform  will  be  able  to  cont.nue  satisfactory  operation). 

It  should  be  noted  that  neither  the  navigational  nor  the 
inclement  weather  limitations  are  considered.  It  is  assumed  that  each 
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platform  capable  of  operating  can  navigate  to  the  station  location;  and  if  the 
weather  prevents  operation  of  a  particular  candidate,  increasing  the  numbers 
of  that  candidate  serves  no  purpose. 

Concerning  the  number  and  location  of  the  platform 
stations,  the  requirements  for  relay  repeaters  generated  by  a  particular 
military  operation  can  be  met  by  any  one  of  several  possible  configurations 
of  station  positions  and  altitudes.  Station  configurations  are  most  likely  to 
have  a  significant  influence  on  the  quantity  of  platforms  required  when  the 
number  of  stations  simultaneously  provided  is  a  maximum.  An  upper  limit 
on  the  stations  needed  can  be  determined  by  considering  the  more  extensive 
military  operations  and  the  particular  station  configuration,  of  all  the  probable 
configurations,  which  requires  the  most  stations.  This  type  of  station  con¬ 
figuration  analysis  should  consider  the  possibility  of  using  different  platforms 
at  different  altitudes,  and,  thus,  should  determine  an  upper  limit  on  the 
stations  required  in  the  different  altitude  ranges.  For  instance,  an  analysis 
may  show  that  six  stations  between  5,  000  feet  and  10,  000  feet,  and  two  stations 
between  20,  000  feet  and  25,  000  feet  would  meet  the  requirements  of  a  partic¬ 
ular  operation.  It  may  also  show  that  four  stations  between  20,  000  feet  and 
25,  000  feet  is  a  second  probable  way  of  meeting  the  requirements.  Then,  the 
upper  limit  on  stations  needed  simultaneously  between  5,  000  feet  and  10,  000 
feet  is  six,  and  the  upper  limit  on  stations  needed  simultaneously  between 
20,000  feet  and  25,  000  feet  is  four.  Suppose  the  UH-lD's  have  been  chosen 
as  platforms  to  operate  between  5,  000  feet  and  10,  000  feet,  and  the  U-8F's 
have  been  chosen  as  platforms  to  operate  between  20,  000  feet  and  25,  000  feet. 
Then,  platform  requirements  based  on  the  number  and  location  of  platform 
stations  would  be  six  UH-lD's  and  four  U-8F's.  This  provides  one  platform 
for  each  station  for  the  situation  of  maximum  simultaneous  station  require¬ 
ments. 


As  to  the  length  of  time  stations  are  required,  each  air¬ 
craft  is  limited  to  the  time  it  can  stay  on  station  by  its  endurance.  When 
mission  requirements  call  for  continuous  use  of  a  station  for  a  longer  period 
than  can  be  provided  by  a  single  flight,  flights  have  to  be  scheduled  to  provide 
continuing  coverage.  In  addition  to  influencing  scheduling,  endurance  deter¬ 
mines  the  percentage  of  the  aircraft  flight  time  that  is  effective  time  on  sta¬ 
tion.  Effective  time  on  station  equals  the  total  flight  time  minus  the  transit 
time  to  and  from  the  station.  For  a  given  transit  time,  the  percentage  of 
effective  time  on  station  increases  as  the  endurance  increases.  In  addition  to 
its  endurance  limit,  each  aircraft  has  a  maximum  monthly  flying  hour  util¬ 
ization.  The  combination  of  monthly  flying  hours  and  effectime  time  on  sta¬ 
tion  gives  a  maximum  number  of  hours  on  station  each  aircraft  can  provide. 

As  the  station  altitude  increases,  the  time  to  station  increases  and  the  time 
on  station  decreases;  thus,  the  hours  on  station  per  month  decreases.  Enougli 
platforms  must  be  provided  to  provide  the  required  hours  on  station. 
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A  caution  given  by  Army  Aircraft  Project  Office  members  at 
AVCCM  was  that  for  a  mission  as  monotonous  and  long  as  would  be  charac¬ 
teristic  of  HARR,  the  human  endurance  often  would  become  a  more  limiting 
factor  than  the  on-station  endurance  time  of  the  aircraft.  Figure  4-16  is  a 
chart  which  gives  an  example  of  the  special  consideration  that  was  given  to  a 
pilot's  ability  to  spend  long  hours  confined  within  the  narrow  limits  of  an  O-IE 
cockpit.  Flight  hours,  i.e.,  on-station  hours  plus  station  taking  and  base 
return  houra,  are  divided  to  obtain  the  abscissa  values.  Because  the  human 
endurance  is  appreciably  less  than  O-IE  aircraft  endurance  at  each  indicated 
HARR  station  altitude,  the  human  endurance  curve  falls  consistently  farther  to 
the  right.  The  other  important  critical  values  used  to  ma.ke  up  the  curves  are 
also  presented  on  the  chart. 

As  to  the  scheduling  capability  of  each  candidate,  when  a  single 
flight  does  not  have  the  endurance  to  provide  a  station  as  long  as  it  is 
required,  a  second  platform  must  relieve  the  first.  Continuous  coverage  is 
provided  by  scheduling.  The  number  of  platforms  needed  depends  on  the 
scheduling  technique  and  the  capability  of  each  platform  to  cycle  through  time 
on  station,  return  to  base,  preparation  for  flight,  and  flight  to  the  station. 

The  scheduling  technique  which  requires  the  minimum  aircraft  is  shown  in 
Table  4-9.  It  consists  of  staggering  the  arrival  and  departure  of  aircraft  at 
the  base,  «.o  that  each  aircraft  is  reassigned  to  a  station  as  soon  as  possible 
after  its  turnaround  preparation  is  complete.  This  type  of  staggered  sched¬ 
uling  would  not  be  needed  if  the  total  on  station  hours  per  month,  divided  by 
the  maximum  simultaneous  stations  was  considerably  more  than  the  aircraft 
monthly  hours  on  station.  The  following  equation  can  be  used  to  determine 
the  number  of  aircraft  required  for  scheduling  needs. 


T  +  T  +  T  1 

1  2  3 

N 

P 

NS 

N 

p 

is 

the  number  of  platform  needed 

NS 

is 

the 

maximum  of  simultaneous  stations 

is 

the  time  on  station 

■^2 

is 

the  time  in  transit  to  and  from  the  station 

^3 

is 

the  time  on  the  ground  for  aircraft  turnaround 

Scheduling  tends  to  become  a  critical  factor  as  the  ratio  of  T^  +  T^  +  T^  to 
T  .  becomes  large,  and  the  ratio  of  total  on-station  hours  to  maximum  simul- 
taneous  stations  ajsproaches  the  monthly  hours  on  station  per  aircraft. 
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Station  Altitude  (1000  ft. 


Fuel  to  Return: 


Assume  -  TAS  =  120  mph 

Fuel  Flow  =5.5  gph 


Fuel  -  5.  5  =  1.4  gal. 


Time 


30 

120 


=  0,  25  hr  =  15  min. 


Flight  Hours  Per  On-Statlon  Hour 


Operating  Costs: 


Assume  - 

1.  Direct  Operating  Cost  =  $24  /  Hour 

2.  720  On-Station  Hours  /  Month 

3.  No.  Vehicles  Required  /  Situation  and  Area  as  per  R. 

4.  Flight  Endurance  /  Human  Limited  to  4.  0  Hours 

5.  30  Mile  Cruise  Distance  to  Station 


2I00 


1.  35 


West  Report 


Figure  4-16.  O-IE  Endurance  Curves 


Table  4-9.  Staggered  Platform  Scheduling 


CASE  1 


STAGGERED  PLATFORM  SCHEDULING 


T,  +  +T3 


^  2 


AIRCRAFT  NO.  1 
AIRCRAFT  NO.  2 
AIRCRAFT  NO.  3 
AIRCRAFT  NO.  4 


TWO  STATIONS  COVERED  SIMULTANEOUSLY  RY  FOUR  AIRCRAFT 


CASE  2 


4 

3 


AIRCRAFT  NO.  1  _ 

AIRCRAFT  NO.  2 _ 

AIRCRAFT  NO.  3  _ 

AIRCRAFT  NO.  4 _ 


THREE  STATIONS  COVERED  SIMULTANEOUSLY  BY  FOUR  AIRCRAFT 


Tj  IS  TIME  ON  STATION 

T  IS  TIME  IN  TRANSIT  TO  AND  FROM  THE  STATION 

Ct 

T  IS  TIME  ON  THE  GROUND  FOR  AIRCRAFT  TURN  AROUND 
3 


LEGEND 


TIME  SPENT  ON  STATION  (T^) 
TIME  SPENT  OFF  STATION  (T^i  T^) 
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Concerning  the  reliability  of  each  candidate,  it  is  known 
that,  since  some  aircraft  will  be  lost  through  attrition  and  others  will  fail  to 
operate  when  needed,  backup  aircraft  are  needed.  The  number  required  for 
backup  is  determined  by  considering  the  number  of  aircraft  committed  to  the 
HARR  mission  and  the  reliability  of  each  aircraft.  If  ten  aircraft  are  com¬ 
mitted  (either  in  flight  or  in  the  flight  line  for  turnaround)  and  the  reliability 
of  each  aircraft  is  90%,  then  normally  one  aircraft  will  be  inoperable.  How¬ 
ever,  the  possibility  is  not  too  remote  that  two  aircraft  will  be  inoperable. 

But  if  one  hundred  are  committed,  there  will  nearly  always  be  ten  inoperable, 
and  almost  never  will  there  be  twenty  inoperable  at  the  same  time.  A  mathe¬ 
matical  expression  for  backup  requirements  can  be  provided;  but  for  the  actual 
operation,  it  probably  does  not  have  much  meaning.  Enough  aircraft  will  be 
needed  to  cover  the  peak  activity  periods.  If  some  of  the  aircraft  are  inoper¬ 
able,  the  lower  priority  stations  will  not  be  provided.  If  activity  decreases 
and  aircraft  become  available,  the  lower  priority  stations  will  be  provided. 
Where  platform  reliability  is  80%  or  greater,  backup  requirements  are 
probably  overshadowed  by  the  range  between  what  a  commander  would  like  to 
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provide  and  what  he  must  provide  to  conduct  an  operation.  Where  platform 
reliability  is  below  80%,  backup  platforms  may  be  required  before  an  oper¬ 
ation  would  be  started. 

The  number  of  platforms  needed  will  be  determined  either  by 
the  requirement  to  provide  the  specified  total  hour**  on  station,  or  to  provide 
the  specified  maximum  number  of  stations.  The  number  needed  to  provide 
the  hours  on  station  is  determined  from  the  total  hours  required,  the  hours 
provided  per  aircraft,  and  the  requirement  for  backup  aircraft.  The  number 
needed  to  provide  the  stations  is  a  function  of  the  number  of  stations, 
scheduling,  and  backup  requirements.  Equations  for  the  number  of  stations 
needed  are  as  follows: 


To  provide  needed  hours  on  station: 


T  1 

N  =  77 —  X  ~  rounded  to  next  higher  whole  number 

1  H  R 


where: 


H_  is  the  total  hours  on  station  in  a  month 
T 

is  the  hours  on  station  per  month  per  platform 
R  is  the  reliability  of  the  platform 


To  provide  needed  stations: 


N 


2 


NS 


X 


R 


rounded  to  next  higher 
whole  number 


where:  R  is  the  reliability  of  the  platform. 


The  larger  of  or  will  determine  the  number  of  platforms  needed.  The 
conditions  that  tend  to  make  larger  than  are:  When  there  are  about  the 
same  number  of  stations  required  throughout  a  month  and  these  stations  are 
required  more  hours  than  a  single  platform  can  provide;  or  when  turnaround 
time  and  transit  time  are  small  compared  to  endurance.  The  conditions  that 
tend  to  make  larger  than  are:  When  there  are  large  numbers  of  stations 
needed  for  periods  longer  than  can  be  provided  by  a  single  flight,  but  for  less 
hours  per  month  than  a  single  platform  can  provide;  or  when  turnaround  time 
and  transit  time  are  large  compared  to  endurance,  this  would  require  several 
aircraft  per  station.  Table  4-10  lists  the  number  of  aircraft  needed  for  from 
1  to  14  stations,  and  thirteen  different  ratios  of  T^  +  T^  +  T^  to  T  (ranging 
from  4  to  8/7).  When  the  number  is  not  a  whole  number,  the  next  nigher  whole 
number  is  the  quantity  of  aircraft  needed  to  schedule  continuous  station 
coverage. 
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Table  4-10.  Aircraft  Requirements 


f 


! 
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4.  5.  5  Cost  and  Effectiveness  of  HARR.  Ail  of  the  previous  subsection  plus 
tables  contained  in  this  subsection  constitute  the  basis  for  this  discussion. 

The  object  of  this  discussion  is  to  connbine  the  meaningful  elements  of  Sub¬ 
section  4.  5.  4  into  a  form  which  will  enable  a  comparison  of  the  HARR  initial 
platform  candidates  on  a  cost/effectiveness  basis. 

4.  5.  5.  1  Cost.  Paragraph  4.  5.  4.  2  deals  extensively  with  HARR  platform 
costs.  Of  the  many  possible  ways  of  representing  those  costs,  the  following 
is  appropriate  to  the  form  in  which  the  most  recent  data  is  tabulated  and  is 
consistent  with  previous  cost  presentations. 

Cost  =  Direct  Operating  Cost  (DOC)  +  Procurement  (PROC)  +  Base 
Operating  Support  (BOS) 

The  dimensions  of  each  component  are  dollars  per  unit  time  when  possible. 

An  example  of  the  difficulty  of  assigning  dimensions  is  that  of  initial  procure¬ 
ment.  It  would  be  necessary  to  ascribe  a  useful  life  to  each  platform  procured 
in  order  to  express  its  costs  in  dollars  per  unit  time.  Procurement  costs 
due  to  attrition,  however,  may  be  so  expressed  since  expenditures  for  replace¬ 
ment  platforms  are  assumed  to  occur  at  the  same  rate  with  respect  to  time  as 
losses. 

4.  5.  5.  1.  1  Direct  Operating  Cost  (DOC).  The  DOC's  used  in  this  discussion 
are  listed  in  Table  4-11  which  was  obtained  from  AVCOM.  Available  data,  as 
presented  in  paragraph  4.  5.  4.  2,  indicate  that  operating  costs  are  not  strictly 
linear  functions  of  flight  hours.  For  simplicity,  however,  they  will  be  treated 
as  if  they  were.  Operating  costs  will  be  determined  from  the  following  expres¬ 
sion 


(OST)  (FF)  (Cost/FH)  (N) 


where: 


OST  is  the  number  of  on-station  hours  required  per  month. 
Maximum  is  taken  as  720. 


FF  is  the  flight  factor  or  ratio  of  number  of  hours  flight 
time  required  in  providing  one  hour  on  station.  Flight  factors  are  taken  from 
previous  subsections  when  available. 


FF 


FH 

OST 


Cost/FH  is  the  dollar  value  of  maintenance  and  operating  costs 
per  flight  hour  taken  from  Table  4-11. 

N  is  the  number  of  stations  maintained  for  the  case  within 
the  platform  capability. 
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es'End  Item  Depot  Maintenance  that  correlation  is  not  direct  be- 

AR  3 5 - 247- Superc eded  by  AR  37-29  tween  BOS  and  Maintenance  Oper 

ation  costs. 


4.  5.  5.  1.  2  Procurement.  Procurement  is  considered  as  a  two-stage  process. 
First  is  initial  procurement  which  is  stated  as  a  lump  sum  since  the  useful 
life  of  each  platform  is  not  known.  Initial  procurement  is  determined  from 
the  following  expression: 


(FH) 

(U){A) 


where 


FH  is  the  number  of  flight  hours  per  month  to  be  flown  by  the 
platform.  FH  =  (OST)(FF). 

U  is  the  utilization  of  the  platform  rn  hours  per  month. 

A  is  the  platform  availability  taken  from  Table  4-12.  This  table 
was  also  obtained  from  AVCOM. 

Procurement  to  replace  attrition  losses  is  expressed  as  a 
monthly  dollar  expenditure  as  follows: 

(FH)(AH/FH) 


where: 


FH  is  the  number  of  flight  hours  flown  by  the  platform  per  month. 

AH/FH  is  the  dollar  rate  of  attrition  replacement  from  sub¬ 
section  4.  5.  4.  2. 

4.  5.  5.  1.  3  Base  Operating  Support.  Base  Operating  Support  (BOS)  is  not 
included  in  the  calculations  made  in  this  subsection.  This  is  regrettable 
since  BOS  may  be  more  significant  than  DOC,  particularly  in  view  of  the 
difficulties  which  may  be  encountered  in  establishing  and  supporting  remote 
bases.  Available  data  do  not  reflect  such  factors  and  are  most  likely 
determined  as  a  "fair  share"  portion  of  the  operation  of  an  established 
base  of  operations.  The  basis  for  "fair  share"  allocations  is  not  known 
but  may  well  be  number  of  personnel  suppoited.  BOS  figures  presented 
in  paragraph  4.  5.  4.  2.  1  required  estimation  in  some  cases  but  are  based  on 
the  best  data  obtained.  It  should  be  noted  that  the  variability  in  BOS  dollars 
per  flight  hour  listed  in  paragraph  4.  5.  4.  2.  1  is  not  nearly  so  great  as  the 
variability  in  maintenance  and  operating  costs  per  flight  hour  listed  Table 
4-11.  Thus  the  contribution  to  "spread"  of  BOS  is  less.  Therefore,  BOS 
is  ignored  in  this  presentation  on  the  grounds  that,  when  known,  its  contri¬ 
bution  to  variability  is  small  compared  to  that  of  maintenance  and  operating 
costs.  It  is  of  interest  that  correlation  of  BOS  with  Maint/Op  costs  is  not 
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Table  4-1 Z.  US  Army  Aircraft  Availability  and  Downtime 
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direct.  The  objection  to  use  of  BOS  as  generally  known  is  that  operation 
of  an  aircraft  such  as  the  O-IE  from  remote  fields  may  exceed  that  of  the 
U-8,  which,  due  to  its  all-weather  capability,  may  best  be  operated  from 
a  major  airfield. 

4.  5.  5.  2  Effectiveness.  Definition  of  a  suitable  measure  of  effectiveness 
for  HARR  has  been  troublesome  due  to  the  "apples  vs  o  inges"  nature  of  the 
choice  to  be  made.  For  example,  the  O-IE  aircraft  is  very  inexpensive  to 
operate.  Even  though  equipped  with  DF  (Direction  Finding)  radio  equipment, 
it  is  a  single  pilot  crait  and  precision  navigation  is  out  of  the  question.  HARR 
station  keeping  must,  therefore,  be  by  visual  reference  to  the  ground.  If  24- 
hour  operations  are  anticipated,  the  O-IE  simply  cannot  meet  the  requirement 
for  night  operations  by  itself.  Furthermore,  some  manned  aircraft  (e.g.,  the 
O-IE)  are  more  sensitive  to  inclement  weather  than  others  (e.g.,  the  U-8). 

An  instrument  qualified  aircraft  can  climb  to  and  maintain  HARR  station  with 
only  nominal  reference  to  the  ground  during  takeoff  and  landing.  For  purposes 
of  this  discussion  it  is  assumed  that  aircraft  such  as  the  O-IE  require  a  ceiling 
of  no  less  than  5,  000  feet.  (The  5,  000  feet  is  the  minimum  altitude  to  avoid 
groundfire,  and  the  aircraft  must  be  able  to  maintain  visual  reference  to  the 
ground.  )  Weather  factors  are  taken  as  the  most  severe  of  those  presented  in 
Table  4-13. 


Effectiveness  is  expressed  by: 

(FH)(W)(R) 


where: 

FH  is  the  number  of  flight  hours  per  month  which  the  aircraft 
is  capable  of  providing.  The  maximum  for  an  aircraft  which  is  restricted 
to  daylight  operations  is  assumed  to  be  360. 

W  is  the  weather  factor  (Table  4-13)  or  the  percentage  of  the 
total  time  capability  during  which  weather  does  not  preclude  flight  operations. 
It  is  assumed  that  this  factor  is  independent  of  the  time  of  day,  that  is,  day¬ 
light  vs  darkness. 

R  is  the  relay  reliability  factor  which  is  not  considered  here. 

4.  5.  5.  3  Cost  vs  Effectiveness.  In  this  discussion,  cost  plotted  versus 

effectiveness  is  a  straight  line  due  to  the  assumed  nature  of  the  cost  function. 
The  cost/effectiveness  ratio  is  the  slope  of  that  line  which  is  simply  cost  per 
flight  hour.  This  measure  is  appropriate  only  for  the  number  of  flight  hours 
per  month  which  the  platform  can  provide.  For  a  requirement  in  excess  of 
that  number  the  measure  is  not  defined  for  that  platform. 
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Data  Not 
Available 


4.  5.  5.  4  Calculations.  The  results  of  calculations  made  must  be  considered 
with  respect  to  the  assumptions  made  and  the  input  data.  These  results  must  not 
be  considered  as  final.  Further  investigation  is  required  in  order  to  arrive  at  a 
realistic  cost  factor.  Some  examples  of  missing  data  have  been  cited  and  there 
are  others,  the  end  result  of  which  may  completely  obscure  the  factor  of  main¬ 
tenance  operating  costs, 

4,  5.  5.  5  Factors.  The  more  significant  factors  affecting  maintenance  and 
operating  costs  and  costs  related  to  purchase  of  manned  aircraft  platforms  are 
listed  in  Table  4-14.  These  are  generally  extracted  from  previous  cost  tables. 
One  exception  is  the  flight  factor  for  the  O-IE  aircraft  which  is  very  sensitive 
to  payload.  It  was  found  to  be  less  expensive  lo  use  the  300-lb  rbiay  in  Case  4 
(subsection  4.  5,  4,  1, 2)  even  at  the  higher  flight  factor  of  1,  4  than  to  use  the 
100 -lb  relay  at  fliglit  factor  1.  2  due  to  the  higher  number  of  stations  required 
with  a  smaller  number  of  channels  per  platform. 

Case  4  is  considered  appropriate  for  Army  aircraft.  The  altitudes 
are  within  the  capabilities  of  the  aircraft  and  the  aircraft  cannot  operate  effec¬ 
tively  at  the  altitudes  required  for  Cases  5  and  6  in  mountainous  terrain. 

Table  4-15  lists  the  results  of  calculations  to  determine  maintenance 
and  operating  costs  for  maintaining  a  single  station  and  4  stations  (as  in  Case  4) 
with  the  aircraft  listed  in  Table  4-15.  (Under  the  assumptions  made,  one  is 
simply  4  times  the  other.  ) 

Table  4-16  lists  the  results  of  calculations  to  determine  the  number 
of  platforms  to  be  procured  initially,  the  cost  of  initial  procurement,  and  the 
cost  of  replacements  due  to  expected  losses.  Calculations  were  based  on  a 
4-station  battalion  situation  and  were  carried  out  only  for  those  aircraft  for 
which  a  procurement  price  was  reasonably  known.  The  latter  could  be  included 
in  operating  costs  but  was  not  due  to  the  low  confidence  of  attrition  data.  The 
results  are  sensitive  to  the  assumed  values  of  utilization  (75  hours  per  month) 
and  number  of  stations  (4).  Doubling  the  utilization,  which  is  not  unreasonable 
for  some  fixed  wing  aircraft,  and  halving  the  number  of  stations  will  reduce  to 
a  quarter  the  number  of  required  platforms  as  listed  in  Table  4-6. 

4.  5.  5.  6  Cost-Effectiveness  Curves.  Figures  4-17  and  4-18  show  the  results 
listed  in  Table  4-15.  Monthly  maintenance  and  operating  costs  are  plotted 
against  hours  coverage  provided  per  month.  When  the  latter  is  used  as  a 
measure  of  effectiveness,  the  cost/effectiveness  ratio  is  simply  the  slope  of 
the  line.  As  mentioned  earlier,  however,  the  measure  is  not  defined  where  the 
platform  capabilities  are  exceeded.  For  example,  the  O-IE  is  the  platform 
with  the  lowest  cost/effectiveness  ratio  but  it  cannot  satisfy  the  requirement  if 
night  coverage  is  required.  The  next  best  cost/effectiveness  ratio  appears  to 
be  for  the  U-6  which  can  operate  at  night,  from  grass  fields,  etc. 
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Table  4-16.  Procurement  Related  Costs  (Platform  Only) 
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Figure  4-18.  Maintenance  and  Operating  Costs  Per  Battalion 
(Case  4-4  Stations) 
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Figure  4-17  lists  the  results  for  one  station  while  Figure  4_18 
lists  the  results  for  the  four-station  Case  4  battalion.  Again,  under  the  linear 
assumptions,  the  relationship  between  the  two  figures  is  such  that  the  scales 
are  changed. 

4.  5.  6  Measure  of  Effectiveness.  An  equitable  measure  of  effectiveness  is 
difficult  to  find  when  dealing  with  such  dissimilar  platform  candidates  as 
balloons  and  manned  and  unmanned  aircraft.  It  was  decided  to  present  repre¬ 
sentative  candidates  on  a  cost-per -channel-hour  basis  with  each  candidate 
used  in  optimum  HARR  fashion.  Once  a  cost  comparison  could  be  made  on 
this  basis,  qualifying  statements  would  then  be  possible. 

Figure  4-19  presents  cost-per-channel-hour  measure  of  effectiveness 
results  for  certain  chosen  representative  candidates.  Because  of  its  sensitivity 
to  payload,  the  tethered  balloon  shows  up  as  a  rather  flat  curve.  Though  the 
tethered  balloon  would  have  limited  range  in  rugged  terrain  (i,  e.  ,  unless 
tethered  from  a  high  peak),  it  looks  very  attractive  for  use  for  a  small  number 
of  channels  at  the  company  level  or  for  use  at  the  company -to -battalion  level 
when  mutual  frequency  interference  is  not  a  problem. 

The  O-IE  is  also  attractive  on  a  cost  basis  for  a  small  number  of 
channels.  However,  it  has  limited  "around-the-clock"  utilization  particularly 
in  mountaineous  topography.  The  O-IE  Bird  Dog  would  appear  to  be  an 
excellent  HARR  platform  choice  when  a  command  needs  radio  coverage  of  a  few 
channels  over  a  mobile  area  during  daylight  hours. 

An  aircraft  that  v-ould  be  used  in  a  fashion  similar  to  the  0-lE  is  the 
U-6A.  It  can  carry  a  better  payload  than  the  O-IE  and  can  be  used  at  night 
over  rough  terrain.  Since  it  is  only  more  expensive  to  operate  than  the  0-lE, 
it  should  be  seriously  considered  as  one  of  the  candidate  finalists. 

The  QH-50D  DASH  Helicopter  has  proven  to  be  more  disappointing  as 
a  HARR  platform  than  was  initially  expected.  Its  relatively  high  attrition  rate 
and  ground  support  and  control  requirements  added  to  the  need  of  a  special 
remote  control  channel  switching  system  tend  to  put  it  in  a  less  favorable  light 
than  its  manned  competitors.  The  two  torpedoes  now  carried  for  its  present 
mission  would  be  removed  for  the  HARR  application,  and  additional  fuel  and 
the  repeater  package  would  be  carried  instead. 

Probably  the  most  promising  candidate  from  the  standpoint  of  channel 
flexibility  and  payload  is  the  UH-ID.  The  advantages  of  this  vehicle  as  a 
HARR  platform  are  covered  in  the  next  subsection. 

An  indication  of  the  applicability  of  a  transport  aircraft  type  to  the 
HARR  mission  is  given  by  the  C-2V.  It,  of  course,  is  the  m.ost  expensive  of 
the  platforms  to  operate;  but  when  used  to  carry  a  number  of  channels  and 
control  console,  its  cost  per  channel  hour  becomes  quite  reasonable. 
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4.  6  ANALYSIS  OF  PRIMARY  CANDIDATES 

4.  6.  1  Introduction.  The  preceding  discussion  has  dealt  with  all  categories  of 
platforms  applicable  to  the  relay  packages  of  Section  3  of  this  report.  As  has 
been  indicated,  manned  aircraft  are  preferred  from  the  viewpoints  of  technical 
feasibility  and  operational  suitability.  It  is  also  evident  that  manned  aircraft  are 
costly  in  terms  of  normal  acquisition  and  use,  battlefield  (remote  aircraft  con¬ 
flict)  operations,  and  battlefield  penalties.  Therefore,  the  HARR  study  has  been 
concerned  with  parametric  analysis  of  potential  system  approaches  to  the  reduc¬ 
tion  of  aircraft  costs  and  the  increase  of  operational  effectiveness  of  aircraft  for 
the  HARR  mission.  Ensuing  paragraphs  deal  with  the  following: 

Time  phasing 
Costs 

Initial  aircraft  candidates 
Airborne  functions 
The  UH-ID  candidate 

4.  6.  2  Time  Phasing.  The  HARR  study  is  concerned  with  "implementable" 
alternatives.  The  government  has  not  specified  deadline  dates  by  which  time  a 
HARR  operational  capability  must  be  in  the  hands  of  tactical  commanders  engaged 
in  remote  area  conflict.  Conversely,  there  is  no  indication  that  the  HARR  pro¬ 
gram  should  be  continuingly  concerned  with  striving  toward  an  idealized  system 
capability  which  is  increasingly  defined  but  not  achieved  at  an  appropriate  time, 
after  appropriate  investment.  Figure  4-20  represents  a  first  iteration  of  the 
time  phasing  which  may  best  match  operational  requirements,  technological 
constraints,  system  costs  and  risk-taking. 

The  initial  solution  is  defined  as  one  applying  current  state-of-the-art 
to  current  combat  requirements  in  Southeast  Asia.  Analysis  to  date  indicates 
that  the  solution  discussed  in  this  report  is  also  applicable,  environmentally 
and  command -wise,  to  other  specific  locales  which  have  remote  area  conflict 
potentials  defined  in  classified  documents.  As  illustrated,  a  two-year  service 
life  for  the  initial  solution  is  suggested  to  be  a  reasonable  period  for  trade-off 
of  battlefield  penalties  attributable  to  a  less -than-perfect  system,  of  amortization 
of  developmental  costs,  and  of  learning  curve  experience  applicable  to  follow-on 
system  capabilities.  This  two-year  period  of  system  operation  might  be  extended 
or  reduced,  depending  on  the  intensity  of  combat  requirements  and  the  evaluated 
necessity  for  and  achievability  of  follow-on  solutions. 

The  interim  solution  is  defined  as  modification  of  off-the-shelf  equip¬ 
ment  to  meet  existing  or  potential  combat  requirements.  For  this  time-frame, 
operational  planning  and  developmental  activities  may  provide  system  flexibility 
to  the  degree  that  tactical  commanders  will  employ  a  mix  of  aircraft  and  non¬ 
aircraft  platforms  for  HARR  missions,  depending  on  requirements  of  the  moment. 
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A  three -year  operational  life  cycle  is  suggested.  In  this  period,  the  locale  of 
remote  area  conflict  might  be  significantly  different  from  the  tropical  environ¬ 
ment  specified  for  the  present  HARR  study.  Platforms  conceivably  would  be 
required  above  windy  deserts  of  large  expanse,  over  a  terrain  consistently 
well  above  sea  level,  and  in  an  envelope  of  persistently  cold  weather  with 
large  humidity  variations. 

The  long-range  solution  is  suggested  to  be  one  requiring  a  substantial 
investment  in  advanced  development.  Depending  on  progress  made  in  the 
interim  solution  with  relay  packages,  this  development  may  be  largely  for 
new  platforms  representing  radical  departure  from  and/or  significant 
improvement  over  those  used  previously  for  the  HARR  mission.  A  four -year 
Ufe  cycle  also  is  shown.  Also  illustrated  is  the  likelihood  that  no  system  will 
be  ideal,  hence  a  system  modification  during  use  of  the  long-range  solution 
is  shown.  Figure  4-20  also  suggests  that  the  evolving  of  HARR  systems  must 
provide  for  "in-service  compatibility"  so  that  technological  advantages  afforded 
tactical  commanders  are  not  out-weighed  by  the  burdens  of  complex,  dupli¬ 
cative  and  dissimilar  systems.  For  the  initial  solution  applied  to  current 
combat  requirements,  the  tactical  ground  subscribers  and  commanders  should 
operate  as  at  present;  system  changes  should  be  platform/relay  oriented,  not 
impositions  on  ground  operations. 

Figure  4-20  also  shows  time  phasing  considered  appropriate  for  major 
HARR  platform  categories  for  which  parametric  analyses  are  required  con¬ 
tractually.  Various  experiments  and  combat  expediencies  have  shown  that 
aircraft  can  be  used  (and  are  being  used)  for  radio  relay.  For  an  initial 
solution,  the  preferability  of  manned  aircraft  is  attributable  primarily  to  the 
algorithm  that  "range  extension  generates  mutual  interference.  "  Because  of 
this  interference,  manned  control  of  channel  switching  and  network  operations 
is  imperative.  This  circumstance  has  been  discussed  in  Section  2  and  also  is 
reflected  in  paragraph  4.  6.  4  of  this  Section. 

The  basic  question  is,  "Can  airborne  operations  required  for  the 
HARR  mission  be  automatic  and/or  ground-controlled,  without  airborne  human 
intervention  and  judgment?"  If  the  answer  is  yes,  the  parametric  values 
are  based  on  the  following:  how  soon;  at  how  much  develoj  ment  cost;  with  what 
risk  taking;  with  what  battlefield  costs  and  penalties;  and  for  what  gain  in  opera¬ 
tional  effectiveness.  The  present  conclusion  is  that  costs  outweigh  operational 
effectiveness  for  an  "initial  solution"  predicated  solely  on  an  unmanned  platform. 
Consequently,  the  role  of  unmanned  platforms  should  be  for  emergency  launching 
of  limited  relay  frequencies  and  during  limited  operational  periods,  if  at  all. 

As  illustrated  in  Figure  4-20,  it  is  suggested  that  the  initial  HARR 
airborne  operation  be  comprised  of  austere,  manual  functions;  the  interim 
solution  be  comprised  of  limited  sophistication  of  the  functions  found  necessary/ 
desirable  during  operation  of  the  initial  system;  and  the  long-range  solution 
may  possibly  be  automated.  In  this  way,  the  transition  to  unmanned  alternatives 
can  be  at  reasonable  cost,  with  acceptable  risk-taking,  and  for  the  operational 
effectiveness  dictated  by  operational  experience. 
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4.6.3  Costs.  Components  of  the  platform  cost  model  are  discussed  in 
paragraph  4.  5.  4.  2.  1.  It  is  self-evident  that  additional  system  costs  are  not 
measurable  in  dollars  but  are  a  function  of  tactical  situations  and  decisions. 
Examples  of  such  costs  are: 

a.  reduced  force  mobility 

b.  increase  logistics  burdens 

c.  additional  combat  skill  requirements 

Figure  4-21  postulates  system  costs  generally  applicable  to  the  Viet¬ 
namese  conflict.  The  intent  of  this  figure  is  to  illustrate  cost  relationships 
which  are  pertinent  to  selection  of  HARR  candidate  systems  and  to  evaluation 
of  system  parameters. 

A  basic  design  goal  is  to  improve  the  quality  of  service  afforded  by 
a  HARR  system  and  to  reduce  HARR  costs  over  a  long-term  program.  The 
proposed  measure  is  "cost  per  message  relayed"  which  might  be  $4.  00 
initially,  and  $1.  00  in  a  long-range  solution.  As  illustrated,  total  operating 
costs  may  be  quite  high;  and  relatively  large  developmental  investments  may 
be  justified  by  the  combined  need  to  reduce  operating  costs  and  improve 
service.  The  illustrated  approximations  indicate  that  HARR  system  costs  are 
influenced  more  by  the  selection  and  tactical  use  of  the  platforms  than  by 
the  selection  and  tactical  use  of  relay  packages. 

Some  bases  for  certain  of  the  approximations  used  in  Figure  4-21 
are  as  follows: 

a.  "Cost  per  message  relayed"  is  predicated  upon  tables  of  organi¬ 
zation  and  equipment  for  standard  forces  and  upon  estimates  of  the  number  of 
transceivers  in  daily  use  by  American,  allied  and  indigenous  forces.  The 
need  for  range  extension  is  a  function  of  interplay  between  the  environment 
and  tactical  situation.  Assume  that  there  are  5,000  transceivers  assigned  to 
forces  which  may  require  HARR  support,  that  at  any  one  time  50%  of  these 
transceivers  do  require  HARR  support,  and  that  each  of  these  transceivers 
averages  six  imperative  messages  daily.  Then,  the  number  of  messages 
annually  relayed  approximates  5,  000,  000;  the  cost  approximates  $4.  00.  The 
value  of  the  message  relayed  can  only  be  conjectured. 

b.  Annual  platform  operating  costs  are  predicated  on  the  example 
stated  in  paragraph  4.  5.  4.  3.  2  concerning  complete  and  continuous  coverage 
over  the  Vietnamese  Corps  III  area,  where  terrain  line-of-sight  is  a  severe 
path  problem.  The  tactical  situation  may  not  require  "25  stations  for  24  hours 
daily  and  365  days  yearly.  "  Similarly,  it  may  be  a  tactical  decision  to  use 

a  $300-per-hour  platform  rather  than  a  $100-per-hour  platform.  The  total 
costs  illustrated  are  considered  a  realistic  product  of  tactical  requirements 
and  actual  costs.  Obviously,  the  HARR  study  seeks  a  minimum  number  of 
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platforms  and  minimum  cost  per  platform  commensurate  with  effectiveness 
required.  It  is  not  within  the  scope  of  the  present  HARR  study  to  estimate  how 
and  to  what  degree  tactical  commanders  will  decide  to  employ  HARR  alterna¬ 
tives  at  their  disposal. 

4.  6.  4  Initial  Aircraft  Candidates.  The  ensuing  discussion  in  the  following 
paragraphs  concerns  the  specific  air  craft  which  presently  are  recommended 
as  initial  solutions  to  the  HARR  platform  problem.  Emphasis  is  placed  on 
cost-effectiveness  related  to  operational  suitability  as  well  as  technical  feasi¬ 
bility.  The  discussion  is  outlined  as  follows: 

Basic  considerations 
Payload  considerations 
Performance  values 
Environmental  values 
Cost  values 

Platoon  repeater  platforms 
Battalion  repeater  platforms 
Division  repe  er  platforms 
Rotary-wing  ^  latforms 
Drone  platforms 
Fixed-wing  platforms 

4.  6.  4.  1  Basic  Considerations.  The  HARR  mission  is  similar  in  several 
significant  respects  to  other  airborne  missions  sponsored  by  Project  Agile  and 
presently  used  or  programmed  for  the  remote  area  conflict  in  Viet  Nam.  These 
missions  include  defoliation,  reconnaissance  and  surveillance,  specialized 
target  acquisition,  psychological  warfare,  specialized  logistics  support,  and 
so  on.  It  is  predictable  that  similar  missions  would  be  required  in  the  event 
of  other  remote  conflict  in  the  CINCPAC  responsibility  area,  as  well  as 
CINCSOUTH,  CINCSTRIKE,  and  other  Unified  Command  areas.  Airborne 
system  commonalities  include  the  following. 

a.  Aircraft  require  good  loitering  capability,  i.  e.  ,  the  ability  to 
stay  over  a  confined  ground  area  for  a  prolonged  period,  and  a  good  ratio  of 
"on-station  time"  to  "to/from-station  time." 

b.  Aircraft  must  be  able  to  provide  maximum  "flying  hours  per 
month"  in  spite  of  environmental,  logistics  and  personnel  limitations. 

c.  Aircraft  must  be  able  to  adjust  well  to  unavoidable  changes  in 
mission  profile  while  in  flight. 

d.  Aircraft  should  have  a  good  ratio  of  payload  to  operating  costs, 
largely  because  of  logistics  austerity  in  remote  area  conflict. 

e.  Aircraft  payload  should  not  include  costly  self -protection  fea¬ 
tures  (e.  g.  ,  high-speed  performance,  armor  and  armament,  countermeasures. 


291 


r 


etc.  ),  since  air  superiority  is  considered  to  be  assured,  and  ground  fire  is 
the  major  threat. 

In  these  and  similar  considerations,  the  prerogatives  of  the 
tactical  commander  to  make  battlefield  selection  of  valid  alternatives  arc 
of  paramount  importance.  For  HARR,  there  is  no  argument  in  favor  of  one 
aircraft  to  the  exclusion  of  all  others.  Therefore,  a  command  option  to  use 
one  aircraft  or  another  (from  an  inventory  of  several  types / models / series) 
is  recommended.  This  recommendation  leads  to  the  further  recommendation 
that  aircraft  may  be  readily  configured  to  and  from  the  HARR  mission,  and 
therefore  be  available  for  other  missions. 

It  also  is  basic  that  the  aircraft  selected  for  HARR  either  be  in 
common  usage  for  remote  area  conflict,  or  can  be  adapted  easily  in  terms  of 
operability,  logistics  support,  command  relationships,  skill  requirements, 
etc.  In  this  respect,  it  is  desirable  to  develop  military  technology  which  may 
be  used  increasingly  by  indigenous  forces,  with  decreasing  dependence  upon 
American  operation. 

Another  basic  consideration  is  the  need  for  platform  maneuver¬ 
ability.  This  need  is  in  two  respects.  First,  it  is  important  that  the  HARR 
platform,  when  airborne,  can  be  quickly  and  reliably  relocated  to  avoid 
terrain  and  weather,  to  avoid  other  airborne  vehicles  which  may  be  hazardous, 
to  remove  itself  as  a  hazard  to  other  air  operations,  to  avoid  unusual  haz¬ 
ards  from  the  ground,  etc.  Secondly,  it  is  important  that  the  HARR  platform 
be  located  to  optimize  the  performance  of  its  relay  payload.  Since  battlefield 
tactical  radio  traffic  rates,  location  of  transceivers,  environmental  conditions, 
and  communication  ranges  required  or  achievable  cannot  be  predetermined 
or  accurately  predicted,  it  is  desirable  that  the  controlled,  variable  location 
of  the  KARR  platform  compensate  adequately  for  the  uncontrollability  of  the 
variables  mentioned.  In  fact,  it  is  also  desirable  to  provide  some  degree  of 
flexibility  in  HARR  mission  while  the  platform  is  airborne. 

4.  6.  4.  2  Payload  Considerations.  The  HARR  platform  is  required  to  accom¬ 
modate  the  communications  requirements  and  mission  models  discussed  in 
Section  2.  Likewise,  the  platform  is  required  to  carry  the  relay  payload 
discussed  in  Section  3.  Neither  of  these  considerations  is  expected  to  be 
definitized  to  the  point  that  a  platform  can  be  selected,  tailored,  or  designed 
to  meet  a  precise  requirement.  Rather,  the  total  nature  of  remote  area 
conflict  is  considered  to  be  so  volatile  that  the  HARR  mission  must  be  served 
by  a  flexible,  modular  and  modifiable  system  configuration.  For  convenience 
of  expression,  three  basic  "models"  are  discussed  with  respect  to  the  HARR 
payload  and  platform.  They  are: 

2 -channel  platoon  repeater 

8-channel  battalion  repeater 
64-channel  division  repeater 
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In  addition  to  the  basic  relay  packages  represented  these  three 
payload  models,  there  is  variability  in  payload  achievable  by  alternatives  in 
aircraft  manning,  modification  of  basic  aircraft  configuration  (e.  g.  ,  fuel, 
armor,  avionics),  and  selection  of  non-relay  equipment  for  the  HARR  platform 
(e.  g.  ,  auxiliary  power  unit,  terrain  avoidance  radar). 

Section  3  gives  estimates  of  the  physical  characteristics  of  various 
relay  packages  which  might  be  used  for  the  HARR  mission.  In  the  selection 
of  appropriate  platforms,  weight  is  the  limiting  physical  characteristic.  The 
platoon,  battalion  and  division  repeaters  are  expected  to  weigh  75,  215,  and 
1,  500  pounds,  respectively. 

4.  6.  4.  3  Performance  Values.  For  any  HARR  platform,  the  primary  value 
is  on-station  performance,  that  is,  the  ability  to  acquire  and  maintain  the 
airborne  position  which  optimizes  the  performance  of  the  HARR  system. 

For  flat  jungle,  a  relay  altitude  of  less  than  2,  000  feet  above 
terrain  will  provide  relay  coverage  50  miles  in  diameter.  On  the  other  hand, 
a  similar  coverage  in  the  mountainous  terrain  by  a  ground -air -ground  link  (as 
compared  to  a  ground-air-air-ground  link)  would  require  platform  altitudes 
of  approximately  20,  000  feet  above  the  terrain,  depending  on  the  terrain.  For 
lighter  and  less  costly  aircraft  carrying  heavier  relay  payloads,  this  high 
altitude  reduces  on-station  endurance  times  sharply,  due  to  high  fuel  con¬ 
sumption  in  attaining  and  maintaining  altitude.  Depending  on  topography  and 
flight  conditions,  more  than  a  half  hour  might  be  required  to  reach  a  20,  000- 
foot  station  from  a  take-off  site  ideally  located. 

There  appears  to  be  no  way  to  position  a  platform  at  an  altitude 
which  will  provide  with  any  precision  the  relay  coverage  desired.  Too  low  an 
altitude  might  provide  significant  gaps  in  the  relay  of  communications  between 
netted  transceivers  irregularly  dispersed  over  irregular  terrain.  Too  high 
an  altitude  might  amplify  the  mutual  interference  which  accompanies  range 
extension  when  frequency  assignments  are  shared  between  nets.  At  any  altitude, 
both  gaps  and  interferences  might  exist,  with  either  predominating.  The  most 
desired  performance  value,  then,  is  ability  to  change  altitude  quickly  to  achieve 
by  performance  monitoring,  the  altitude  which  best  fits  the  relay  mission  in 
process.  Environmental  conditions  and  channel  interference  are  likely  to  limit 
the  achievability  of  this  fit. 

Since  desired  maximum  and  minimum  platform  altitudes  are  not 
readily  defined  in  terms  of  relay  performance,  a  generally  applicable  operational 
altitude  is  recommended  as  follows.  The  normal  minimum  altitude  for  a  platform 
will  be  3,  000  feet  above  the  terrain.  At  lower  altitudes,  the  HARR  platform  is 
vulnerable  to  ground  fire.  Lower  altitudes  than  3,  000  feet  may  be  flown  when 
the  weather  inhibits  both  hostile  ground  fire  and  attainment  of  higher  altitudes, 
or  when  reduction  in  mutual  interference  for  relay  of  messages  which  have 
urgent  priority  is  mandatory.  The  normal  maximum  altitude  for  a  platform 
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will  be  10,  000  feet  above  the  terrain.  At  higher  altitudes,  the  HARR  platform 
experiences  higher  cost,  reduced  endurance  and  potential  conflict  with  other 
military  traffic  or  (at  still  higher  altitudes)  commercial  traffic.  Higher  altitudes 
than  10,  000  feet  may  be  flown  to  escape  poor  weather  or  to  provide  essential 
radio  relay  for  operations  in  the  highest  mountains.  Air-to-air  relay  should 
be  employed  to  avoid  sustained  altitudes  in  excess  of  10,  000  feet.  The  HARR 
mission  should  be  flown  at  as  low  an  altitude  as  the  requirements  permit. 
Requirement  to  increase  altitude  to  overcome  terrain  masking  should  be 
determined  by  relay  test  messages. 

Path  analyses  referenced  in  Section  3  indicate  that  horizontal 
deviations  from  an  ideal  platform  position  have  limited  effect  on  path  loss. 

A  circular  or  lazy-8  mission  profile  of  several  miles  width  at  3,  000-foot 
altitudes  will  not  degrade  or  eliminate  radio  relay  coverage  significantly.  In 
effect,  a  cone  of  coverage  shifts  with  the  platform's  horizontal  motion,  and 
transmission  loss  is  only  at  the  perimeter  of  coverage.  A  random  change  in 
ground  coverage  will  occur  in  horizontal  platform  shifting  in  mountainous 
terrain.  Figure  4-15  illustrates  this  effect.  In  such  terrain,  relay  test 
messages  may  be  used  to  derive,  while  in  flight,  the  flight  pattern  which 
minimizes  terrain  masking  and  maximizes  radio  relay  service  to  ground 
transceivers  most  in  need  of  the  service. 

4.  6.  4.  4  Environmental  Values.  Values  which  bear  most  on  selection  of 
HARR  platforms  are  weather  and  terrain.  Effect  of  jungle  foliage  is  largely 
with  respect  to  difficulties  in  visual  position-fixing.  This  effect  does  not  vary 
particularly  for  the  different  loitering  aircraft  which  are  suitable  HARR 
platforms. 


Effect  of  weather  on  aircraft  missions  of  the  HARR  sort  in  remote 
area  conflict  is  extremely  important.  The  HARR  study  team  has  not  been 
able  to  acquire  quantitative  data  on  Vietnamese  operations.  News  reports  and 
government  data  on  strike  missions  indicate  that  a  surprisingly  large  percentage 
of  strike  missions  are  either  aborted  or  diverted  to  secondary  objectives 
because  of  weather.  These  sorties,  of  course,  represent  a  traverse  over 
greater  distances  and  through  more  variable  weather  than  anticipated  on  HARR 
missions.  In  the  absence  of  conclusive  evidence  on  weather  pertinent  to  the 
HARR  mission,  the  following  experienced  observations  are  paraphased. 

a.  "In  the  areas  of  conflict  I  was  assigned  to,  there  were  very 
few  days  when  the  helicopters  weren't  flying  at  any  hour  of  the  day,  regardless 
of  the  weather."  (Told  to  the  HARR  study  team  by  a  senior  Army  officer.  ) 

b.  "Weather  in  Viet  Nam  is  always  bad.  Throughout  the  seasons, 
a  rule  of  thumb  is  that  each  day  sees  good  weather  in  the  eastern  portion  while 
it's  bad  in  the  western  portion  and  vice  versa."  (Told  by  a  retired  Air  Force 
officer  who  consulted  on  the  HARR  project  and  was  previously  in  charge  of 
Forward  Air  Controller  functions  throughout  Viet  Nam. 
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c.  "The  flyability  of  aircraft  in  bad  weather  is  at  the  discretion 
of  commanders  at  air  strips.  Under  identical  circumstances,  one  commander 
might  ground  ail  rotary-wing  aircraft  and  allow  most  fixed-wing  aircraft  to 
fly,  while  another  commander  might  decide  exactly  the  opposite.  "  (Same 
source  as  b.  ) 

For  the  HARR  mission,  take-off,  flight,  and  landing  generally 
will  be  confined  to  a  small  geographical  area  under  localized  control  It  is 
suggested  that  the  comniander  should  have  available  locally  a  variety  of 
platforms  for  the  HARR  mission,  hence  there  would  be  a  variable  solution  to 
weather  problems.  It  is  further  suggested  that  a  remotely  based  platform 
which  can  fly  "over  the  weather  and  terrain"  may  be  useful  for  HARR  missions 
under  unfavorable  conditions,  even  though  responsiveness  to  emergency  relay 
requirements  will  be  slower.  For  a  classified  airborne  mission  in  Viet  Nam-- 
one  similar  in  profile  to  the  HARR  mission--it  has  been  decided  through  combat 
experience  that  weather  avoidance  radar  must  be  installed.  This  decision  for 
HARR  would  put  the  payload  and  pilot  burden  near  maximum  for  the  lighter 
HARR  aircraft. 

A  correspondingly  complex  factor  is  terrain.  Much  of  the  limiting 
of  missions  resulting  from  unfavorable  weather  (as  just  discussed)  also 
results  from  terrain.  The  two  factors  are  obviously  interrelated  and  have 
compound  effects.  The  necessity  for  night  flights  for  the  HARR  missions  adds 
to  these  effects.  One  Army  aviation  specialist  who  was  consulted  by  the 
HARR  study  team  recommended  against  single-engine  fixed-wing  aircraft, 
and  suggested  twin-engine  aircraft  for  higher  altitudes,  more  difficult  terrain, 
longer  endurance  and  adverse  weather  conditions.  He  also  suggested  a  mixed 
inventory  of  rotary  and  fixed-wing  aircraft  for  the  HARR  mission. 

A  special  environmental  situation  is  the  need  for  HARR  missions 
within  valleys  so  confined  by  high  mountains  that  aircraft  are  operationally 
limited  to  the  valley  environment,  with  only  occasional  entrance  and  egress 
beyond  mountain  boundaries,  and  this  during  favorable  weather.  In  this 
environment,  single -engine  aircraft  have  been  able  to  operate  within  narrow 
corridors  which  are  unavailable  to  twin-engine  aircraft.  Also,  the  few  air 
strips  available  in  such  terrain  very  often  can  accommodate  only  the  lightest 
aircraft.  It  is  understood  that  a  number  of  aircraft  projects  for  remote  area 
missions  similar  to  HARR  (i.  e.  ,  all-weather,  all-terrain,  all -hours,  varying 
altitudes,  loitering,  etc.  )  will  carry  terrain  avoidance  radar.  These  projects 
involve  heavier  aircraft  than  those  suggested  for  HARR.  Nevertheless,  it 
now  seems  desirable  to  include  this  radar  in  HARR  aircraft  which  carry  the 
larger  relay  payloads  and  may  be  diverted  in  flight  to  difficult  terrain,  even 
if  the  relay  payload  must  be  reduced  by  a  number  of  channels. 

4.  6.  4.  5  Cost  Values.  Figure  4-22  shows  the  aircraft  which  have  been 
selected  for  initial  HARR  solution.  Preceding  discussion  has  dealt  with  some 
aspects  of  the  columnar  values  shown  for  each  aircraft,  and  more  analysis  is 


295 


r 


UJ 

-I 

00  UJ 

s  ^ 

00  < 

o  m 


a; 

< 

UJ 


a 

Z 

< 

u 


a 

z 

< 

u 


a 

z 

< 

u 


a: 

< 

UJ 


a. 

z 

2 


a: 

< 

UJ 


a 

z 

< 

u 


UJ 

»- 

o 

z 


a; 

< 


0. 

Z 

< 

u 


o 

z 


K 

H  U 

w  x 
81; 

X 

X 

< 

X 

< 

o 

< 

X 

X 

£ 

o 

o 

X 

u. 

u. 

£ 

OQ 

< 

u. 

< 

u. 

< 

u. 

< 

m 

2 

2 

o 

< 

o 


o 

2 


2 

< 
a: 
p  o: 

»  UJ 


« 

X 

<  -I 

z  < 


2 

»- 

Z 


2 

J- 

Z 


!2  2  2 


-j 

X 


d 

X 


2 

»- 

Z 


2 

»- 

Z 


2  52  g 


2 


in 

eg 


J- 

Z 


z 

H 

Z 


in 


o 

(\j 


m 

(\j 


< 

ft 

X 

UJ 


oc 

UJ 

> 

o 

z 

z> 

z 

z 

z 

lO 


o' 

h*  I 

O  0^ 
u  UJ 
(L 


tn 
X  X 
O  3 

U-  Z 


z 

X 

e 

»- 

< 

_I 

a 


o 

(\j 

an: 


o 

0> 


o 

00 


o 

m 


o 

<\j 


8 


o 

♦ 


g 

eg 


8 

eg 


s  8 

eg 


o 

g- 

eg 


(0 


in 


I  I 
X 
3 


X 

UJ 

> 

< 


(O 

I 

3 

eg 


g- 

CO 

m 

g- 

m 

<0 

N 

g- 

u> 

N 

f 

X 

(0 

_  m 

1 

o 

DASH 

LOH- 

<0 

• 

3 

UH-IO 

CV-2 

ro 

N 

1 

o 

UH-ID 

CV-2 

C-123 

m 

g- 

v:_ 

eg 

ro 

g- 

m 

eg 

lO 

I 

-i  z  X 
UJ  o  UJ 
2  O  J- 
2  »-  < 
<  <  UJ 
X  -I  0- 

o  a  u/ 

1  X 
eg 


-J  z  X 
UJ  o  UJ 
2  *- 
z  d  •* 

<  K  it' 
X  r  o- 

u  t:  UJ 
• 

00  ® 


-I  Z  X 
UJ  o  UJ 

<  >  UJ 

55£ 

I  o: 
<0 


296 


—■M  •  ^  ^  • 


Figure  4-22.  Initial  HARR  Candidate 


needed  for  these  values  and  for  cost  values  applicable  to  the  aircraft  selected. 
Some  general  observations  are  in  order. 

a.  The  most  significant  cost  variation  is  expressable  in  "dollars 
per  channel  hour  available"  which  varies  between  a  maximum  of  $75  for  the 
DASH  carrying  2  channels  to  less  than  $3  for  the  UH-ID  carrying  64  channels. 

It  appears  most  desirable  to  use  the  fully  loaded  UH-ID  whenever  possible, 
and  to  avoid  using  the  DASH  when  alternatives  exist.  As  discussed  elsewhere, 
the  cost  savings  reflected  in  the  largest  configuration  must  be  accompanied 

by  a  satisfactory  solution  to  large-scale  interference  problems. 

b.  As  best  illustrated  by  the  UH-ID,  cost  per  flying  hour  increases 
in  proportion  to  payload  for  any  one  aircraft.  The  altitude  and  endurance 
attainable  decrease  as  payload  increases.  The  cost  per  flying  hour  increases 
with  altitude.  A  consistent  reduction  in  flight  hours  attained  increases  the 
proportional  fixed  costs  (e,  g.  ,  base  facilities)  and  therefore  the  cost  per 
flying  hour.  Remote  basing  of  aircraft  reduces  the  on-station  flight  portion 

and  the  productiveness  of  flight  hours. 

c.  Fine-grained  analyses  of  these  detailed  cost  inter-relation¬ 
ships  are  not  in  order  for  the  HARR  project  at  this  time,  since  major  cost/ 
operational  effectiveness  trade-offs  outweigh  such  considerations.  For 
example,  during  a  shortage  of  aviation  gas  for  all  missions,  the  tactical 
commander  is  likely  to  keep  HARR  missions  at  a  minimum,  and  also  likely 
to  select  the  aircraft  which  consumes  least  gas  per  hour,  even  though 
resulting  deficiences  in  endurance,  altitude  and  coverage  may  result.  His 
preference  might  be  the  0-1  Bird  Dog,  which  can  fly  at  8  gallons  per  hour. 

4.  6.  4.  6  Platoon  Repeater  Platforms.  As  illustrated  by  Figure  4-22,  the 
UH-ID  "Huey"  helicopter,  U-6  "Beaver"  single -engine  utility  aircraft,  0-1 
"Bird  Dog"  single -engine  observation  aircraft,  and  QM-50D  DASH  drone 
helicopter  (designed  for  antisubmarine  warfare)  are  recommended  in  that 
order. 


The  platoon  configuration--so  named  for  convenience  only--is  to 
satisfy  several  of  the  radio  relay  and  range  extension  requirements  discussed 
in  Section  2.  One  requirement  is  to  support  platoons  with  limited  dispersion 
throughout  dense  jungle  and/or  mountainous  terrain,  t.igaged  in  operations 
which  may  involve  high-priority  and  high-density  communications  traffic. 

For  this  requirement,  the  tactical  commander  is  expected  to  exercise  the 
option  of  launching  a  HARR  platform  to  cover  reliably  a  specified  (and 
relatively  small)  ground  area  for  mission  durations  which  may  vary  from 
one  hour  to  six  or  more  hours.  Adverse  weather  and  diurnal  operations 
may  be  expected.  In  the  event  that  coverage  proves  to  be  available  from  so- 
called  battalion  and  division  repeaters,  the  commander  may  call  back  the 
platoon  repeater  after  very  brief  on-station  time.  For  this  mission,  desired 
platform  characteristics  include  low  flying -hour  costs,  austere  takeoff  and 
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landing  capabilities,  limited  logistics  support  requirements,  and  quick 
responsiveness  to  tactical  situations.  Platforms  with  payload  should  be 
airborne  within  15  minutes  of  the  commander's  decision  and  be  on-station 
in  less  than  a  half  hour  under  extreme  emergency.  For  planned  relay 
coverage,  system  costs  are  reduced  by  allowing  two  to  three  hours  to 
achieve  on-station  coverage.  The  selected  aircraft  meet  the  foregoing 
specifications . 

A  second  requirement  to  be  satisfied  by  the  platoon  repeater  is 
support  of  various  units  on  nets  which  may  be  so  widely  dispersed  that  the 
commander  responsible  for  these  forces  cannot  determine  in  advance  whether 
or  not  relay  support  will  be  needed.  Therefore,  HARR  platform  launchings 
must  be  planned  well  in  advance,  so  that  proper  on-station  positioning  can 
be  achieved  initially.  Maximum  mission  durations  are  desired,  as  are 
minimum  costs.  The  communication  path  difficulties  for  this  HARR  mission 
are  expected  to  be  more  associated  with  terrain  than  with  foliage:  therefore, 
aircraft  probably  will  have  to  fly  at  higher  altitudes  and  will  have  to  maneuver 
to  find  optimum  positioning  for  line-of-sight  relay  paths.  The  U-6  and  0-1 
aircraft,  operated  from  base  camp  air  strips,  may  be  preferable  to  the 
UH-ID  operated  from  helicopter  clearings.  The  DASH  is  least  preferred, 
under  normal  conditions,  for  this  wide -dispersion  mission  as  well  as  for  the 
limited-dispersion  platoon  mission,  because  of  the  logistics  and  control 
burdens  imposed  on  mobile  forces.  Its  value  is  for  emergency  requirements 
to  be  met  in  spite  of  adverse  environments,  thus  justifying  higher  attrition 
rates  and  more  complex  battlefield  burdens. 

4.  6.  4.  7  Battalion  Repeater  Platforms.  As  illustrated  by  Figure  4-ZZ,  the 
preferred  platform  is  the  LOH-6  light  observation  helicopter.  Its  candidacy 
is  strengthened  by.  the  fact  that  it  is  planned  to  replace,  in  large  quantity, 
many  of  the  light  fixed-wing  and  rotary  wing  aircraft  presently  used  in  re¬ 
mote  area  conflict.  In  addition  to  the  advantages  accruing  from  prevalence 
(e.  g.  ,  logistics  support,  inventory  of  skilled  personnel,  knowledge  of  flight 
parameters,  full  complement  of  support  avionics),  the  LOH-6  has  the  advan¬ 
tage  of  being  flyable  from  clearings  closest  to  the  desired  area  of  radio  relay 
coverage.  Disadvantages  of  the  LOH-6  may  be  in  limited  payload,  endurance 
and  altitude  inter-relationships. 

Other  candidates  for  the  battalion  repeater  mission  are  the  U-6, 
the  UH-ID,  and  CV-Z  Caribou  twin-engine  aircraft,  and  the  C-1Z3  Provider 
(USAF)  twin-engine  aircraft,  in  that  order. 

The  battalion  repeater  HARR  mission  is  to  satisfy  radio  relay  and 
range  extension  requirements  not  too  dissimilar  from  those  specified  above  for 
the  platoon  repeater.  Operationally,  the  battalion  repeater  supports  more 
tactical  organizations  dispersed  over  a  larger  area  for  more  continuous  time 
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periods.  The  HARR  payload  difference  is  only  a  matter  of  several  hundred 
more  pounds  of  relay  packaging.  The  HARR  platforn  selection  and  performance 
for  the  battalion  mission  involves  more  weight-carrying  ability,  more  all- 
weather  flying  capability,  and  more  maneuverability  over  difficult  terrain. 

These  criteria  rule  out  the  0-1  and  DASH,  which  were  selected  for 
the  platoon  mission.  The  LOH-6  and  U-6  are  acceptable  only  for  the  mini¬ 
mum  battalion  mission.  The  UH-ID  is  ideally  suited  for  all  battalion  missions. 
The  CV-2  and  C-123  are  expensive  platforms,  with  slower  response  times, 
for  the  minimum  battalion  mission.  They  are  more  suited  to  a  HARR 
mission  supporting  multiple  battalions  and  additional  special  subscribers. 

4.  6.  4.  8  Division  Repeater  Platforms.  In  conventional  ground  warfare,  the 
division  is  the  maneuver  element  which  exercises  complete  control  over  a 
continuous  area,  within  which  the  classical  function  is  to  "move,  shoot  and 
communicate.  "  In  guerrilla  and  counter-insurgency  operations  within  the 
limited  warfare  conducted  in  remote  areas,  any  large  ground  area  is  likely  to 
contain  a  heterogeneous  population  of  hostile  and  friendly  forces.  The  latter 
may  be  indigenous,  American  and  allied,  with  variable  organization  and 
command  relationships.  Even  so,  it  is  the  division  command  which,  in 
remote  area  conflict,  is  likely  to  have  the  composite  knowledge  of  all  or 
most  operations  potentially  requiring  tactical  radio  relay,  the  generalized 
knowledge  of  existing  and  planned  transceiver  locations,  the  authority  for 
assigning  radio  frequencies  to  specified  organizations,  and  the  control  over 
use  of  HARR  to  extend  range.  It  is  therefore  desirable  to  have  a  single 
HARR  platform,  dispatched  from  division  headquarters,  which  can  carry 
enough  channels  in  its  relay  package  to  satisfy  most  (if  not  all)  radio  relay 
requirements  throughout  the  division  area  of  responsibility. 

The  scope  and  nature  of  division  radio  traffic  have  been  discussed 

in  Section  2. 


The  needs  of  a  division  for  radio  range  extension  are  for  highly 
mobile  VHF  transceivers  in  the  forward  area,  and  for  semi -fixed  transceivers 
(VHF  frequencies  and  higher)  in  the  rear  areas. 

As  shown  in  Figure  4-22,  the  UH-ID  is  the  preferred  division 
repeater  platform.  It  accommodates  the  minimum  relay  payload  nicely,  but 
it  has  only  limited  flight  capability  for  the  maximum  relay  payload.  The 
CV-2  and  C-123  have  capacity  in  excess  of  the  maximum  relay  payload  now 
estimated.  They  also  have  better  ability  for  overcoming  environmental 
constraints  than  does  the  UH-ID.  Contrarily,  the  CV-2  and  C-123,  because 
of  basing  limitations,  cannot  reach  the  division's  on-station  relay  status  as 
quickly  as  the  UH-ID. 
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It  is  suggested  that  the  command  decision  might  generally  be  to 
use  the  UH-lDwhen  relay  payload  requirements  are  minimum,  time  allowable 
for  reaching  on-station  is  minimum,  and  the  mission  profile  is  for  shorter 
duration  and  restricted  positioning.  Conversely,  the  CV -2  and  C-123  might 
be  used  when  payload  requirements  are  maximum,  several  hours  are  allowable 
for  reaching  on-station,  maximum  HARR  mission  duration  is  desired,  and 
the  platform  may  be  flown  in  a  larger  envelope  (because  of  transceiver 
deployment,  terrain  and  weather  conditions,  etc). 

Additional  platforms  have  been  considered  for  the  division  repeater 
mission,  and  might  in  fact  be  used  advantageously  if  they  are  available  in  the 
remote  area  and  can  be  outfitted  there  for  the  HARR  mission  in  addition  to  or 
instead  of  their  primary  missions  The  Navy's  S-2  and  P-2  antisubmarine 
warfare  aircraft  are  being  recommissioned  for  remote  area  conflict  use.  As 
announced  publicly,  these  aircraft  have  been  selected  for  reconnaissance 
missions  because  of  excellent  loitering  capability,  good  speed  to  the  point  of 
use,  low  acquisition  costs,  extensive  operational  experience  and  logistics 
support,  favorable  payload  factors,  etc.  For  the  HARR  mission,  these 
characteristics  have  similar  merit.  Further  evaluation  involves  military 
considerations,  such  as  preempting  of  limited  inventories,  establishment  of 
feasible  command  channels,  and  disposition  of  equipments  and  procedures  not 
compatible  vith  the  HARR  mission. 

4.  6.  4.  9  R.jtary-Wing  Platforms.  Asa  group  of  aircraft,  helicopters  are 
advantageous  lor  the  HARR  mission  because  of  their  ability  to  operate  from 
nearby  clearings  rather  than  remote  air  strips.  This  advantage  is  partly 
offset  by  a  higher  fuel  consumption  rate  which  requires  that  a  refueling  complex 
be  operated  in  very  remote  areas  which  are  also  accessible  to  other  aircraft. 
Air  strips  in  the  rear  echelons  tend  to  accommodate  most  COIN -type  aircraft, 
but  forward  airstrips  often  must  be  closed  to  most  aircraft  because  of 
weather  and  correlated  runway  conditions. 

Another  advantage  of  helicopters  for  HARR  is  the  ability  to  hold 
a  very  tight  position  over  rugged  terrain  in  bad  weather.  Hovering,  per  se, 
is  not  desired  because  of  the  very  high  fuel  consumption  involved.  Very  tight 
flight  patterns  are  not  required  for  effectiveness  of  HARR  radio  relay, 
except  for  extreme  line-of-sight  problems.  The  advantage  lies  in  greater 
ability  to  avoid  dangerous  terrain  at  night  and  in  bad  weather  at  lower 
altitudes,  thus  reducing  chances  for  non-combat  loss  of  personnel,  platform 
and  payload. 

Helicopters,  more  so  than  fixed-wing  aircraft,  degrade  in  per¬ 
formance  characteristics  and  increase  in  operating  costs  as  payload  weights 
increase.  This  disadvantage  can  be  compensated  for  somewhat  by  avoiding 
overloading  and  maximum  altitudes  for  HARR  mission.  Analysis  recommends 
against  extensive  use  of  helicopters  larger  than  the  UH-ID  because  of  more 
unfavorable  costs,  as  compared  to  fixed-wing  aircraft.  Lighter  helicopters 
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(possibly  including  the  LOH-6)  are  less  desirable  because  of  poor  performance/ 
payload  ratios  and  limited  endurance  of  platform  and  pilot. 

Operational  experience  also  indicates  that  a  number  of  the  heli¬ 
copters  presently  in  use  have  not  performed  to  specification,  have  presented 
excessive  reliability  and  maintainability  problems,  and  should  be  replaced 
by  newer  aircraft.  The  LOH-6  is  planned  to  replace  light  helicopters  and 
fixed-wing  aircraft,  but  it  is  premature  to  place  total  confidence  in  the  LOH-6. 

On  the  other  hand,  the  UH-ID  has  surpassed  performance  expectations  xnd  is 
planned  to  be  the  predominant  helicopter  for  many  more  years.  The  high  level 
of  logistics  support  and  skilled  personnel  inventory  for  the  UH-fD  are 
additional  reasons  for  the  "Huey"  being  most  preferable  for  the  HARR  mission. 

4.  6.  4.  10  Drone  Platforms.  For  the  HARR  mission  profile  as  defined  by 
study  to  date,  the  QM-50D  DASH  drone  is  the  only  drone  platform  suggested 
As  shown  in  Figure  4-22,  the  DASH  might  be  used  in  environmental  circumstances 
which  preclude  manned  aircraft,  because  of  increased  probabilities  of  non- 
combat  loss.  DASH  costs  per  flight  hour  are  high,  but  these  costs  may  be 
tolerable  for  urgent  radio  relay  requirements.  The  relatively  high  attrition 
anticipated  for  DASH  on  HARR  mis'^^ons  also  should  be  justified  by  urgent 
requirements.  This  attrition  is  not  because  of  the  helicopter's  unworthiness, 
but  rather  because  of  the  uncertainty  of  ground  control  at  extended  distances 
(e.g.,  20  miles)  in  poor  weather  and  difficult  terrain.  Because  launch  and 
recovery  of  the  DASH  is  a  large  part  of  its  battlefield  burden,  long  endurance 
flights  should  be  planned.  The  payload  of  the  DASH  on  a  HARR  mission  can 
be  up  to  800  pounds  of  fuel  and  relay  equipment.  With  two  relay  channels,  an 
8-hour  flight  is  achievable. 

Fixed-wing  drones  have  been  rejected  as  HARR  platform  candidates. 
Operating  costs,  battlefield  burdens  and  payload  limitations  for  fixed-wing 
drones  are  as  disadvantageous  as  for  the  DASH.  Without  development  and 
testing,  there  is  no  assurance  that  external  fuel  stores  of  sufficient  capacity 
for  desired  mission  endurance  can  be  added.  The  DASH,  with  its  helicopter 
flight  characteristics,  presents  no  such  aerodynamic  problem. 

Perhaps  the  most  important  reason  for  favoring  a  rotary-wing 
drone  over  a  fixed-wing  drone  is  the  combined  difference  of  speed/flight 
pattern.  A  fixed-wing  drone  flying  a  large  pattern  at  relatively  high  speed 
might  crash  into  terrain  under  expert  control,  while  a  DASH  helicopter  flown 
in  a  small  pattern  at  low  speed  has  a  better  chance  for  terrain  avoidance, 
even  if  control  is  less  expert.  Should  propagation  and  interference  tests  and 
"air  corridor  protection  measures"  permit  drones  flying  high  over  rough 
terrain,  fixed-wing  drones  may  be  reconsidered  as  HARR  platforms. 

Asa  HARR  platform,  the  drone  should  be  evaluated  against 
other  unmanned  alternatives.  The  tethered  balloon,  with  approximately  the 
same  payload  capacity,  is  perhaps  the  best  comparison.  If  cost  is  the 
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primary  concern,  the  balloon  may  be  preferred  to  the  DASH  because  of  lower 
platform  costs  and  lower  attrition  of  the  platform/ relay  configuration.  However, 
if  precise  location  and  relocation  are  needed- -particularly  over  rough  terrain 
during  high  winds --the  DASH  has  definite  advantage  over  balloons.  Both  are 
hazardous  to  other  air  traffic.  The  DASH  platform  and  the  balloon  proper  can 
provide  visual  and  radar  illumination.  Illumination  should  also  be  provided 
for  the  balloon  tether  which  constitutes  a  hazard  to  low  -  level  helicopter 
traffic. 


Several  classified  field  experiments  and  CONUS  developmental 
activities  have  shown  the  feasibility  of  using  DASH  in  remote  area  missions 
similar  to  HARR. 

4.  6.  4.  11  Fixed-Wing  Platforms.  In  addition  to  the  four  shown  in  Figure  4-22 
(0-1,  U-6,  CV-2  and  C-123),  the  OV-IC  and  U-3  have  proven  operationally 
effective  in  loite ring -type  missions  in  Viet  Nam,  Both  are  light  twin-engine 
aircraft  which  might  be  preferable  to  the  0-1  and  U -6  for  missions  of  longer 
duration  in  more  unfavorable  environments.  However,  study  does  not  show 
this  to  be  necessarily  the  case.  No  fixed-wing  aircraft  other  than  the  CV-2 
and  C-123  are  suggested  for  the  payload  size  called  the  division  repeater. 

The  CV-2  appears  preferable  to  the  C-123  because  of  its  ability  to  use 
marginal  air  strips  in  marginal  weather. 

The  CV-2  and  C-123  have  capacity  in  excess  of  that  required  for 
the  maximum  HARR  mission  payload  suggested  by  analysis  to  date.  There 
is  a  possibility  of  multi-mission  flights  (i.e.,  HARR  and  other  missions 
requiring  loitering  over  the  same  area)  for  these  two  aircraft,  and  channels 
for  investigating  this  possibility  might  be  a  desirable  step  within  the  remote 
area  conflict  program. 

The  spare  cargo  space  of  the  CV-2  and  C-123  offer  an  advantage 
not  found  in  the  aircraft  selected  for  the  HARR  mission.  This  advantage  is 
the  facility  for  the  crew  to  recuperate  from  cramped  quartering  during 
mission  lulls  and  by  rotation.  Smaller  aircraft  sometime  have  20%  or  more 
endurance  beyond  that  of  the  pilot.  This  difference  is  negligible  on  a  single 
mission  but  very  important  in  planning  year-round  operational  capability. 
Experience  in  flying  four-engine  aircraft  on  barrier  missions  of  12  or  14 
hours  duration  has  shown  the  importance  of  human  factors  under  the  conditions 
which  would  pertain  to  continuous  HARR  operations. 

4.  6.  5  Airborne  Functions.  The  cost  and  operational  effectiveness  of  various 
HARR  platform/ relay  configuration  are  influenced  significantly  by  the  functions 
to  be  performed  while  airborne.  T  ie  basic  functions  are  the  control  of  the 
platform  and  control  of  the  relay  equipment.  The  HARR  project  is  concerned 
solely  with  the  airborne  relay  of  radio  communications  which  have,  otherwise, 
insufficient  range. 
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Analysis  has  not  shown  any  unmanned  platform  to  be  dependable  or 
desirable  for  launching,  positioning  or  carrying  the  various  HARR  payloads 
(at  least  not  in  the  near  future).  The  DASH  drone  helicopter  is,  at  best, 
an  emergency  measure  which  involves  some  risk-taking  that  should  be 
resolved  by  a  thorough  test  program  before  commitment  to  an  operational 
program  or  deployment  in  actual  conflict. 

Assuming  that  control  of  the  platform  is  not  to  be  remoted  but  is 
to  be  in  the  hands  of  the  pilot,  the  next  major  question  is,  "Can  or  should 
the  control  of  the  relay  equipment  be  remoted?"  If  not,  it  must  be  deter¬ 
mined  whether  the  relay  control  functions  should  be  performed  by  the  pilot 
or  by  another  crew  member.  These  determinations  depend  uoon  a  definition 
irf  candidate  control  functions  and  upon  a  realistic  appraisal  of  the  cost  and 
operational  effectiveness  of  the  functions. 

Remoting  of  DASH  control  to  a  ground  station  is  required  for  both 
platform  and  relay.  For  the  platform,  only  a  telemetry  and  command  data 
link  is  required  (this  is  already  available,  including  an  option  to  switch  to  a 
programmed  flight  profile).  The  same  data  link  is  usable  for  limited  relay 
control,  such  as  turning  a  channel  on  or  off.  Remote  relay  control  responsive 
to  evolving  requirements  of  ground  subscribers  would  call  for,  at  a  minimum, 
transmitting  relayed  radio  traffic  to  the  DASH  control  station  where  the 
operational  inter-relationships  of  platform  and  relay  functions  would  be  dealt 
wit!  in  real  time. 

For  a  platform  already  manned,  there  is  no  cost/operational 
effectiveness  basis  for  remoting  control  of  the  relay,  since  there  is  no  need 
for  continuous  control  on  the  ground  instead  of  in  the  air  and  since  all 
remoting  costs  would  be  redundant. 

Accepting  airborne,  manned  control  of  the  HARR  relay  equipment, 
a  trade-off  is  needed  on  the  level  of  control  required  and  the  interface 
between  airborne  platform  control  and  airborne  relay  control.  These  con¬ 
siderations  vary  with  the  size  of  the  HARR  reoeater  (i.  e.  ,  platoon,  battalion 
or  division)  and  with  the  platforms  selected  for  the  three  payload  classes. 

In  the  platform  repeater  class,  the  U-6  can  be  only  a  one-man  aircraft. 
The  0-1  normally  carries  an  observer,  but  for  the  HARR  mission  this  "200- 
pound  payload"  must  be  replaced  by  additional  fuel  and  the  relay  package  in 
proper  balance.  The  UH-ID  has  a  co-pilot  and  room  for  eleven  combat- 
equipped  troops.  For  HARR,  only  the  UH-ID  can  support  a  "communicator" 
to  manually  control  the  relay  equipment  and  to  interface  with  "pilot"  functions. 
The  0-1  and  U-6  pilots  must  not  be  given  time-consuming  additional  duties, 
e.  g.  ,  HARR  relay  control.  This  point  is  stressed  by  authorities  on  aircraft 
operations  over  Viet  Nam  and  would  apply  equally  to  any  other  remote  area 
conflict  having  similarly  hostile  environment. 
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In  the  battalion  repeater  class,  the  second  man  in  the  LOH-6  may 
necessarily  be  displaced  by  the  HARR  payload.  If  not,  he  should  be  reposi¬ 
tioned  so  that  he  can  act  as  "communicator,  "  i.  e.  ,  as  controller  of  the  relay 
equipment.  The  UH-ID,  CV-2  and  C-123  have  ample  space  for  manning  the 
battalion  class  payload  and  also  the  division  class  payload,  even  if  several 
communicators  are  required  to  control  relay  functions  at  maximum  payload 
and  maximum  intensity  of  communications  support. 

4.6.6  The  UH-ID  Candidate.  Earlier  discussion  within  paragraph  4.  6  has 
indicated  the  preferability  of  the  UH-ID  "Huey"  for  the  HARR  mission.  Per¬ 
tinent  information  is  shown  in  Figure  4-23,  "General  Arrangement  Diagram;" 
Table  4-17,  "Principal  Dimensions;"  and  Table  4-18,  "Communications  and 
Associated  Electronic  Equipment."  Figure  4-24,  "Conceptual  UH-ID  HARR 
Layout,  "  is  an  approximation  of  how  the  personnel,  equipment  and  functions 
discussed  throughout  paragraph  4.  6  might  be  accommodated  within  the  UH-ID 
for  the  "Division  repeater"  configuration. 

Additional  basic  information  about  the  UH-ID  is  listed  as  follows: 

a.  Model:  The  D  model  is  larger  than  the  UH-IB  and  UH-IC 

which  have  permanent  gun  and  rocket  racks  installed  externally 
and  are  used  primarily  as  attack  aircraft.  The  UH-ID  mounts 
guns  in  the  cargo  area,  but  is  used  primarily  for  troop  trans¬ 
port  and  medical  evacuation. 

b.  Inventories:  Approximately  1,000  B's,  fewer  C's;  almost 
4,  000  D's. 

c.  Service  ceiling;  22,000  feet  at  intermediate  gross  weight; 
fuel  flow  increases  rapidly  above  16,  000  feet. 

d.  Weights  (pounds):  Airframe  4800,  fuel  1300,  personnel  600, 
other  100,  payload  2700,  gross  9500,  Auxiliary  fuel  110. 

e.  Cost:  $250,000  plus  $90,000  avionics;  12-year  life. 

f.  Machine  guns:  Each  130  pounds  plus  80  pounds  ammunition. 
Four  are  generally  carried  (delete  or  reduce  for  HARR 
missions). 
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1. 

Heating  Burner  and  Blower  Unit 

17. 

Anti-Collision  Light 

2. 

Engine 

18. 

Oil  Cooler 

3. 

Oil  Tank  Filler 

19. 

External  Power  Receptacle 

4. 

Fuel  Tank  Filler 

20. 

Cargo-Passenger  Door 

5. 

Transmission 

21. 

Passenger  Seats  Installed 

6. 

Hydraulic  Reservoir 

22. 

Swashplate  Assembly 

7. 

Forward  Navigation  Lights  (4) 

23. 

Landing  Light 

8. 

Pilot's  Station 

24. 

Copilot's  Station 

9. 

Forward  Cabin  Ventilator  (2) 

25. 

Search  Light 

to. 

Cargo  Suspension  Mirror 

26. 

Battery 

It. 

Collective  Counterweights  (44  Ft  Rotor  Only) 

26  a. 

Alternate  Battery  Location 

12. 

Tail  Rotor  (90  )  Gear  Box 

(Armor  Protection  Kit) 

13. 

Aft  Navigation  Light 

27. 

Pitot  Tube 

14. 

Tail  Rotor  Intermediate  (45  )  Gear  Box 

28. 

Aft  Cabin  Ventilators  (2) 

15. 

Synchronized  Elevator 

29. 

Stabilizer  Bar 

16. 

Tail  Rotor  Drive  Shaft 

30. 

Engine  Cowling 

Figure  4-Z3.  UH-ID  Helicopter  General  Arrangement  Diagram 
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Table  4-17.  UH-ID  Principal  Dimensions 


LENGTH: 

Overall  (main  rotor  fore  and  aft  and 
tail  rotor  horizontal) 

Overall  (main  rotor  fore  and  aft  and 
tail  rotor  vertical)  to  end  of  tail  skid 

Nose  of  cabin  to  aft  end  of  vertical  fin 

Nose  of  cabin  to  aft  end  of  tail  rotor 
(rotor  horizontal) 

Nose  of  cabin  to  center  line  of  main 
rotor 

Skid  gear 

44  FOOT  ROTOR 

53  ft.  1.1  in. 

50  ft.  2.  35  in. 

39  ft.  5.  09  in. 

42  ft.  10.  i  in. 

11  ft.  R.  66in. 

12  ft.  2.  0  in. 

48  FOOT  ROTOR 

57  ft.  1.1  in. 

54  ft.  1. 92  in. 

41  ft.  11.  15  in. 

44  ft.  1 0.  1  in. 

11  ft.  8.  66  in. 

1  2  ft.  2.  0  in. 

WIDTH: 

Synchronized  elevator 

9  ft. 

4.  3  in. 

9  ft. 

4.  3  in. 

Skid  Gear 

8  ft. 

6.  6  in. 

8  ft. 

6.  6  in. 

Stabilizer  bar 

9  ft. 

0.  4  in. 

9  ft. 

0.  4  in. 

HEIGHT:  (To  static  ground  line.  ) 

Tip  of  main  rotor  forward  blade: 
Secured  aft 

17  ft. 

2.  5  in. 

17  ft. 

1. 49  in. 

Pressed  down  forward 

7  ft. 

7.  0  in. 

7  ft. 

0.  69  in. 

Top  tip  of  tail  rotor  vertical  position 

14  ft. 

3.  75  in. 

14  ft. 

8.  20  in. 

Top  of  stabilizer  Chinese  weights 

13  ft. 

4.  0  in. 

13  ft. 

4.  0  in. 

Top  of  cabin 

7  ft. 

8,  4  in. 

7  ft. 

8.  4  in. 

Bottom  of  cabin 

1  ft. 

3,  0  in. 

1  ft. 

3.  48  in. 

Tail  rotor  clearance  (ground  to  tip, 

5  ft. 

9.  75  in. 

5  ft. 

11.  5  in. 

rotor  turning) 

Tail  skid  to  ground 

4  ft. 

5.  0  in. 

4  it. 

9.  0  in. 

DIAMETER  (Swept  circle): 

4  ft. 

5.  0  in. 

4  ft. 

9.  0  In. 

Main  rotor 

44  ft. 

3.  2  in. 

48  ft. 

3.  2  in. 

Tail  rotor 

8  ft. 

6,  0  in. 

8  ft. 

6.  0  in. 

Stabilizer  bar 

9  ft. 

0.  4  in. 

9  ft. 

0.  4  in. 

Turning  Radius 

34  ft. 

0.  4  in. 
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-ID  Communications  and  Associated  Electronic  Equipment 
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In  summary,  the  referenced  analyses  indicate  the  preferability  of 
the  UH-ID  as  a  HARR  platform,  in  terms  of  mission  performance  at  all  levels 
of  support- -platoon,  battalion  and  division.  The  cost  of  the  UH-ID  is  compar¬ 
atively  high  for  the  platoon  repeater,  but  favorable  for  the  division  repeater. 

The  division  repeater  is  preferred  for  the  HARR  mission.  In  the  initial 
solution  or  early  time-frame,  the  frequency  interference  problems  associated 
with  extension  of  radio  range  are  to  be  overcome  by  improvisation  techniques 
and  evolutionary  equipment  modifications  for  the  airborne  HARR  communicator. 
Subsequently,  solution  to  interference  problems  may  stem  from  more  extensive 
development  of  HARR  relay  packages,  e.  g. ,  the  use  of  directive  antennas. 

In  spite  of  miniaturization  potentials  for  electronic  equipments,  the 
maximum  HARR  payload  is  expected  to  continue  to  require  a  platform  of  the 
UH-ID  size,  or  larger.  The  HARR  mission  profile  is  expected  to  continue 
to  require  relatively  precise  location  over  a  force  area,  particularly  in  difficult 
line-of-sight  terrain.  A  more  pressing  requirement  might  be  for  maximum 
flyability  and  maneuverability  under  most  difficult  weather  and  terrain  conditions, 
with  nominal  assistance  from  such  ground  support  facilities  as  radar,  prepared 
airfields,  etc.  The  emerging  "compound  helicopter"  appears  to  meet  these 
broad  specifications  better  than  other  aircraft  in  development.  Prototype 
compound  helicopters  have  already  flown  "loops"  and  other  acrobatics,  indicating 
an  excellent  airworthiness. 

Combat  evaluation  of  the  AAFSS  compound  helicopter  will  not  be 
completed  before  1970,  and  no  commitment  to  extensive  procurement  of  this 
aircraft  is  in  sight.  Furthermore,  the  AAFSS  could  not  be  modified  to  accom¬ 
modate  the  UH-lD's  HARR  payload  quickly  or  inexpensively.  A  more  promising 
activity  is  the  proprietary  (Lockheed)  development  of  a  Universal  Tactical 
Transport  (UTT).  The  UTT  compound  helicopter  is  proposed  to  satisfy  a 
variety  of  limited  warfare  mission  requirements  of  all  military  services.  In 
every  respect,  it  would  be  a  natural  and  desirable  "next  generation"  platform 
for  accommodating  the  UH-ID' s  HARR  payload. 
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SECTION  5 


APPENDICES 

5.  1  RF  CROSSTALK  TESTS  ON  AN/PRC-25's 

At  Page  Communications  Engineers  Laboratory  in  Falls  Church,  tests  for 
radio  freouency  crosstalk  between  two  PRC-25's  were  conducted  in  the  laboratory 
and  in  the  open  air. 

A  single  transmitting  frequency,  33.05  MHz,  was  used  for  all  the  tests; 
the  receiver  frequency  was  varied  and  notation  was  made  of  those  channels  ex¬ 
periencing  RF  interference  from  the  transmitter.  Table  5-1  shows  a  summary 
of  these  tests.  Tests  1  and  2  were  conducted  in  the  laboratory  with  a  common 
power  supply:  Tests  3,  4,  and  5  were  conducted  outside.  Tests  3  and  4  used  sep¬ 
arate  external  batteries;  Test  5  used  the  PRC-25  BA-386  battery.  Tests  4  and  5 
were  identical  except  for  the  substitution  of  the  BA-386  for  the  external  batteries. 
It  is  interesting  to  note  the  difference  between  the  number  of  unusable  channels 
found  with  external  batteries  versus  the  number  with  internal  batteries;  this  dif¬ 
ference  must  be  attributed  to  radiation  from  the  external  battery  cables.  Tests 
6  and  7  were  conducted  with  BA-386  batteries  in  the  laboratory  and  were  made  to 
determine  the  effect  of  shielding  on  the  AN/PRC-25  equipment.  Test  6  was  th>i 
control  test;  Test  7  was  identical  with  Test  6  except  that  both  AN/PRC-25  units, 
as  well  as  the  hand  sets  and  all  cables,  were  contained  within  aluminum  foil 
("Reynolds  Wrap")  which  was  grounded  to  the  body  of  the  transceiver  at  the  base 
of  the  antenna.  In  this  way,  only  the  antenna  protruded  from  an  otherwise  "RF- 
tight"  unit.  The  improvement  because  of  this  shielding  can  be  seen  in  Table  5-1. 

Tests  3,  4,  and  5  are  a  reasonable  reproduction  of  relay  conditions  using 
external  and  internal  power  which  will  be  experienced  by  troops  in  the  field  after 
the  troubles  of  the  Retransmission  Cable  have  been  corrected.  In  these  tests,  it 
was  found  that  a  grounding  cable  connecting  the  two  units  had  negligible  effect, 
bad  or  good,  on  the  results. 

The  usability  of  the  receiving  channels  was  determined  in  accordance  with 
the  ability  of  the  remote  transmitter  to  operate  the  receiver  squelch  circuits,  in 
a  very  small  number  of  cases,  RF  crosstalk  was  found  on  channels  where  the 
squelch  of  the  receiver  did  not  operate.  That  the  transmitting  PRC-25  was,  in 
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fact,  causing  this  RF  interference  was  determined  by  noting  the  signal  quieting 
when  the  transmitter  was  turned  on  and  off. 

It  can  be  seen  from  Table  5-1  that  a  very  large  number  of  unusable  fre¬ 
quencies  were  found,  in  some  cases  as  many  as  twenty  per  megacycle.  In  Test  4, 
for  instance,  more  than  half  the  frequencies  between  30  and  51  MHz  were  found  to 
be  unusable  (236  channels  out  of  a  total  of  420).  The  last  column  in  Table  5-1 
shows  the  number  of  unusable  frequencies  specified  by  the  charts  in  the  Technical 
Manual.  Only  14  channels  are  identified  in  this  frequency  interval  by  the  charts. 

It  was  noted  during  these  tests  that  the  cables  of  the  hand  set  and  batteries 
(when  used)  acted  as  excellent  antennas  for  spurious  frequencies.  On  one  occa¬ 
sion,  it  was  found  that  proximity  of  the  hand  set  cable  to  the  battery  cables  would 
cause  feedback  within  a  single  unit, 

5.2  FREE-FLOATING  BALLOON  RADIO  RELAY  PLATFORM 
5.2.1  Summary 

An  estimate  of  on-station  time  for  free  balloon  systems  and  a  design 
study  of  a  simple  balloon  relay  platform  are  presented  in  the  following  para¬ 
graphs. 


The  results  of  an  examination  of  Vietnam  wind  statistics  to  determine 
time  on  station  per  balloon  platform  are  discussed  in  order  to  estimate  mission 
hardware  quantity  requirements.  Since  on-station  time  is  a  parameter  indepen¬ 
dent  of  balloon  size  (payload  weight),  a  total  quantity  of  platforms  required  per 
operation  (or  per  battalion,  or  per  theater),  must  be  determined  on  the  basis  of 
tactical  deployment.  Whatever  tactical  deployment  arrangement  is  selected  then 
identifies  the  number  of  relay  channels  required,  thus  fixing  payload  weight. 

Vietnam  wind  statistics  indicate  a  minimum  wind  layer  normally  exists 
over  Vietnam  in  winter  and  spring  at  60,  000  to  80,  000  feet,  which  may  provide 
favorable  station  holding  for  a  free-floating  platform.  This  minimum  wind  layer 
is  replaced  by  unfavorable  easterly  currents  in  summer  and  autumn. 

Available  wind  data  appear  adequate  to  approximate  hardware  require¬ 
ments  and  to  determine  system  feasibility.  However,  better  definition  of  the 
shear  profile  of  the  minimum  wind  layer,  and  average  wind  values  over  relatively 
short  periods  (three  days  to  12  hours)  are  desired  for  better  assessment  of  bal¬ 
loon  time  on  station  performance  and  design  sophistication. 

A  brief  study  has  been  conducted  to  determine  the  characteristic  rela¬ 
tionships  of  the  principal  components  of  an  unsophisticated  assembly  capable  of 
initiation  on  the  ground  to  place  a  single  free  balloon  and  relay  system  in  the  air 
on  station.  The  component  characteristics  have  been  developed  parametrically 
to  accommodate  a  range  of  payloads  up  to  1, 000  pounds. 
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It  appears  that  the  free  balloon  may  show  promise  as  a  relay  platform  if 
the  maximum  component  weight  is  compatible  with  man's  ability  to  assemble  and 
handle  a  complete  launch  round  without  sophisticated  support  equipment. 

5.2.2  Analysis  of  Time  On  Station 

5. 2. 2.1  General.  A  free  balloon  in  equilibrium  (lift/weight  *  1.0)  is  subject 
to  the  natural  variations  in  air  movement  for  its  position  with  respect  to  time  if 
velocity  variations  are  small.  In  a  minimum  wind  field  a  balloon  could  remain 
for  a  potentially  long  period  over  a  fixed  location  on  the  ground.  A  summary  of 
wind  structure  knowledge  (Chapter  4  of  Reference  1)  and  a  specific  look  at  mini¬ 
mum  wind  fields  (Reference  2)  indicate  that  in  the  region  of  60,  000  to  80,  000  feet 
altitude,  low  wind  velocities  (0  -  15  knots)  are  general  during  certain  seasons  of 
the  year.  The  upper  and  lower  boundaries  of  this  phenomenon  are  fundamentally 
extensions  of  the  tropospheric  westerlies  and  stratospheric  easterlies  and  define 
a  zone  of  transition  between  the  two  opposing  currents  of  air.  To  determine  eco¬ 
nomic  feasibility  of  employing  a  balloon  in  this  low  velocity  region  requires  a 
knowledge  of  the  persistence  and  cross  section  of  the  minimum  wind  layer.  For 
possible  early  application,  Vietnam  conditions  were  considered. 

5. 2. 2.  2  Wind  Statistics.  Early  in  the  High  Altitude  Radio  Relay  (HARR)  Study, 
assistance  of  the  Meteorology  Division,  Department  of  the  Air  Force  (SSSW,SSD) 
was  enlisted  in  obtaining  wind  data  of  the  Southeast  Asia  region.  The  specific  re¬ 
quest  for  information  is  quoted  approximately  as  follows: 

a.  "Seasonal  meridional  cross  sections  to  100,000  feet 
altitude  for  the  region  from  100-110°E  longitude  between 
5-25°N  latitudes.  Winds  in  excess  of  20  knots  need  not 
be  plotted.  " 

b.  "Monthly  50-,  70-,  90-,  95-,  and  99-percent  wind 
profiles  for  three  stations:  Saigon,  South  Vietnam; 

DaNang,  South  Vietnam;  and  Chiang  Mai,  Thailand. 

Seasonal  profiles  may  be  sufficient  if  the  monthly 
variation  is  small.  " 

Report  5655  (Reference  3)  was  issued  by  the  Environmental  Technical  Center 
(ETAC)  USAF  in  response  to  the  above  request.  Wind  statistics  in  Reference  3 
were  extracted  and/or  computed  from  Standard  Rawinsonde  Summary  data  for  the 
respective  stations.  These  summaries  are  considered  the  most  reliable  and 
least  biased  of  the  available  sources  of  upper  air  wind  statistics.  Data  for  the 
levels  surface  through  300  to  200  mbs  are  considered  adequate  to  provide  a  fairly 
stable  wind  distribution.  Above  200  mbs,  the  source  data  are  limited  and  pro¬ 
vide  only  an  estimate  of  the  wind  distribution. 
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Rawinsonde  readings  are  normally  obtained  every  12  hours,  and  the 
Southeast  Asia  data  encompasses  a  good  record  period  of  several  hundred  obser¬ 
vations  at  each  station,  over  a  period  of  4  years  at  DaNang  to  1 1  years,  with  some 
gaps,  at  Saigon  and  Chiang  Mai.  Data  is  summarized  at  specific  pressure  levels 
from  850  to  20  millibars.  The  altitude  span  between  these  pressure  level  data 
points  varies  from  4,  000  to  10,  000  feet,  except  Saigon  records  show  intermediate 
levels . 


Seasonal  meridional  cross  section  charts  in  Reference  i  depict  the 
east-west  resultant  wind  speeds.  A  vertical  null  in  the  10°  to  15°  Latitude  pre¬ 
vails  through  winter  and  spring  seasons  with  a  horizontal  null  or  minimum  wind 
layer  between  70  and  30  millibars  (61 , 000  to  78,  000  feet).  In  summer  and  au¬ 
tumn  seasons,  the  easterly  flow  dominates,  with  a  minimum  wind  layer  possible 
at  lower  altitudes  (20,000  feet).  Wind  statistics  and  meridional  cross  sections 
for  Vietnam  were  used  to  determine  time  on  station  for  a  balloon  platform  for 
various  relay  range  (horizontal  span)  distances  compatible  with  tactical  require¬ 
ments  . 

5. 2. 2. 3  Relay  Operational  Geometry.  The  relay-to-terrain  relationships  de¬ 
veloped  for  the  effectiveness  model  (paragraph  4.  5.  4.  1 ,  Reference  4)  of  the  HARR 
study,  are  applied  to  the  balloon  as  constraints  defining  distance  and  time  on 
station.  The  geometry  is  illustrated  in  Figure  5-1  showing  various  cone  profiles 
as  a  function  of  coverage  range  on  the  ground  and  angular  constraints  due  to  ter¬ 
rain.  The  50  nautical  mile  coverage  circle  (25  n.m.  radius)  provides  full  battal¬ 
ion  communication  range.  The  25  n.m.  coverage  circle  serves  battalion  to  indi¬ 
vidual  company  communications.  The  10  n.m.  coverage  circle  serves  company 
to  platoon  requirements.  The  80°  angular  constraint  represents  a  limit  for  relay 
transmission  through  heavy  vegetation  over  flat  terrain.  The  35%  constraint 
(cot”^  .35)  is  based  on  an  average  of  maxim.um  mountain  slopes,  representative 
of  line-of-sight  transmission  from  a  point  high  enough  to  avoid  "shadow  zones.  " 
These  conditions  are  explained  in  more  detail  in  the  tactical  analysis  of  para¬ 
graph  4.  5. 4.  1  of  Reference  4. 

The  cone  profiles  of  Figure  5-1  outline  two  intersecting  cones;  a  cov¬ 
erage  cone  and  a  station  cone.  A  relay  positioned  at  the  apex  of  the  coverage 
cone  will  satisfy  the  coverage  requirement  if  the  relay  is  stationary  at  this  point 
above  the  terrain,  equidistant  between  transmitter  and  receiver  station.  Since  a 
free  balloon  moves  with  the  wind,  its  time  on  station  is  a  function  of  its  altitude 
above  the  apex  (within  the  confines  of  the  station  cone)  and  the  average  wind  ve¬ 
locity  at  that  altitude.  The  ideal  "on-station"  path  of  the  free  balloon  platform 
is  represented  by  the  diameter  of  the  circle  which  represents  the  intersection 
of  the  station  cone  and  an  imaginary  plane  at  balloon  platform  is  represented  by 
the  diameter  of  the  circle  which  represents  the  intersection  of  the  station  cone 
and  an  imaginary  plane  at  balloon  flotation  altitude. 
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35  %  CONSTRAINT  CONSTRAINT 


Figure  5-1.  Platform  Placement  -  Cone  Profile* 
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5. 2. 2. 4  On-Station  Estimates.  By  relating  tactical  geometry  of  paragraph  2 . 3 
to  the  wind  statistics  of  Reference  3,  on-station  estimates  were  determined. 

Table  5-2  presents  results  using  Saigon  v'ind  statistics;  Table  5-3,  DaNang;  and 
Table  5-4,  Chaing  Mai.  These  tables  contain  the  resultant  wind  direction  (direc¬ 
tion  from  which  the  wind  blows)  and  the  resultant  wind  speed  from  that  direction. 
On-station  distances  are  listed  for  a  25  nautical  mile  coverage  circle.  For  a  50 
nautical  mile  coverage  circle,  the  listed  on-station  distance  should  he  reduced  by 
25  nautical  miles;  and  for  a  10  nautical  mile  coverage  circle,  the  listed  value 
should  be  increased  by  15  nautical  miles.  Figure  5-1  shows  that  a  reduction  of 
coverage  lowers  the  apex  and  increases  the  station  circle  to  coverage  circle  ratio. 

On-station  distance  (d  )  is  determined  by  the  following  equation: 
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d 
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whe  re, 

d  =  on-station  circle  diameter  (nautical  miles) 
s 

h  =  platform  (relay)  altitude  (feet) 
h^  =  height  of  coverage  cone  apex  (feet) 

d  =  coverage  circle  diameter  (nautical  miles) 

The  equation  for  on-station  time  is: 
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where , 
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time  on  station  (hours) 


V 

w 


mean  wind  speed  (knots) 


In  Table  5-2,  the  resultant  wind  direction  shows  a  reversal  from 
easterly  to  westerly  near  the  70  mb  (61 , 000  foot)  level  and  another  reversal  back 
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Tabic  5-2  -  Salmon  Seasonal  Wind  Statistics  and  On-Statlon  Estlirates 
for  Free  Balloon  Platform 


Season 

Altitude 
(feet ) 

Press 
(mbs ) 

Wind 

Direction 
(degrees  )• 

Wind 

Speed 

(knots) 

80°  Constraint  Cond. 
On-statlon  Estimated 
Distance  Time 

(n. miles)  (hours) 

35^  Constraint  Cond. 
On-Station  Estltiated 
Distance  Time 

(n, miles)  (hou.''o) 

58629 

80 

111 

5.0 

84.4 

16.9 

30.1 

6.0 

61OA7 

70 

232 

1.6 

89.0 

49.5 

32.4 

18.0 

6^177 

60 

239 

1.9 

96.6 

50.8 

35.3 

18.6 

67697 

50 

272 

4.9 

101,3 

22.5 

38.6 

8.6 

Winter 

72333 

1*0 

085 

12.1 

i:.o.o 

9.1 

43.0 

3.6 

78186 

30 

079 

12.8 

121.0 

9.5 

48.5 

3.8 

86827 

20 

087 

24.1 

137.0 

5.7 

56.7 

2.4 

101978 

10 

086 

17.4 

165.4 

9.5 

70.8 

4.1 

6lOi.7 

70 

091 

5.2 

89.0 

17.12 

32.4 

6,23 

6^*177 

60 

092 

7.2 

96.6 

13.42 

35.3 

4.90 

67697 

50 

230 

1.2 

101.3 

84.50 

38.6 

32.20 

Spring 

82333 

1*0 

090 

19.0 

110.0 

5,79 

43.0 

2.26 

78186 

30 

088 

14.0 

121.0 

8.64 

48.5 

3.47 

11*1*29 

600 

263 

7.7 

1.9 

0.25 

— 

— 

19190 

500 

216 

2.1 

10,8 

5.14 

— 

— 

21*829 

1*00 

097 

4.4 

21.3 

4.85 

— 

— 

3171*2 

300 

085 

38.5 

34.2 

0.89 

4.8 

0.12 

Summer 

6101*7 

70 

086 

33.2 

89.0 

2.68 

32.4 

0.98 

61*177 

60 

088 

37.2 

96.6 

2.60 

35.3 

0.95 

67697 

50 

088 

34.1 

101,3 

2.57 

38.6 

1.13 

11*1*29 

600 

089 

4.0 

1.9 

0.48 

— 

— 

19190 

500 

090 

5.8 

10.8 

1.86 

— 

— 

21*829 

1*00 

087 

6.0 

21,4 

2.68 

— 

— 

3171*2 

300 

081 

10.8 

34.2 

3.17 

4.8 

,0.44 

Autumn 

35919 

250 

080 

12.4 

42.0 

3.39 

8.8 

0.71 

1*0768 

200 

084 

16.8 

51.0 

3.03 

13.3 

0.79 

1*661*7 

150 

067 

25.1 

62.0 

2.47 

16  9 

0.75 

51*1*36 

100 

091 

28.5 

76.6 

2. 69 

26.2 

0.92 

58629 

80 

090 

21.2 

84.4 

3.98 

30.1 

1.42 

6101*7 

70 

090 

18.3 

89.0 

4.86 

32.4 

1.71 

61*177 

60 

086 

14.5 

96.6 

6.66 

35.3 

2.43 

67697 

50 

085 

17.0 

101.3 

5.96 

38.6 

2.27 

72333 

1*0 

086 

18.0 

110.0 

6.10 

43.0 

2.39 

NOTE:  Above  on-statlon  estimates  are  calculated  for  25  n.  mile  coverage  circle. 

*  Direction  from  which  the  wind  blows;  degrees  from  north  (clockwise  on  map) 
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Tabic  5-3  -  Ea  l.'.irv;  Goaaonal  Wind  Statistics  and  On-Statlon  Estimates 
for  Free  Balloon  Platform 


Season 

Altitude 

Press 

Wind 

wind 

80°  Constraint  Cond. 

35^  Constraint  Cond. 

(feet ) 

(mbs ) 

Direction 

Speed 

On-Gtatlon 

Estimated 

On-Gtatlon 

Estlma'-ed 

(degrees ) 

(knots ) 

Distance 

Time 

Dlat.'jnce 
(n. miles ) 

Time 

(n. miles ) 

(hours ) 

(hours ) 

5'*383 

100 

246 

11.8 

76,4 

6.5 

26.1 

2.21 

61106 

70 

256 

7.3 

89.0 

12.2 

32.4 

4.44 

Winter 

67789 

50 

252 

5.0 

102.3 

20.2 

38.7 

7.74 

78297 

30 

093 

8.6 

121.0 

14.1 

48.6 

5.65 

86857 

20 

090 

13.4 

137.0 

10.2 

56.5 

4.22 

102028 

10 

088 

12.5 

165.3 

13.2 

70.8 

5.66 

35899 

250 

263 

12.5 

39.1 

3.1 

8.7 

0.70 

tiCnkl 

200 

257 

14.2 

51.0 

3.6 

13.3 

0.94 

h662U 

150 

245 

9.2 

62.0 

6.7 

18.9 

2.05 

Si'rlng 

5'*383 

100 

078 

3.7 

5.6 

76.4 

89.0 

20.6 

26.1 

7.06 

61106 

70 

093 

15.9 

32.4 

5.79 

67789 

50 

089 

5.9 

102.3 

17.3 

36.7 

6.57 

78297 

30 

088 

15.4 

121.0 

7.8 

48.6 

3.16 

86857 

20 

089 

19.0 

137.1 

7.2 

56.7 

2.99 

Ihiill 

600 

233 

4.3 

1.9 

0.44 

— 

— 

19193 

50c 

177 

2.4 

10.8 

4.50 

— 

— 

24833 

400 

100 

4.2 

21.3 

5.08 

— 

— 

31742 

300 

079 

9.5 

34.2 

3.60 

4.8 

0.50 

Summer 

35899 

250 

074 

13.7 

39.1 

2.86 

8.7 

0.63 

61 106 

70 

085 

38.6 

89.0 

2.30 

32.4 

0.84 

677  69 

50 

000 

34.6 

102.3 

2.94 

30.7 

1.11 

78297 

30 

090 

41.7 

121.0 

2.90 

48.6 

1.17 

14413 

600 

081 

5.0 

1.9 

0.38 

— 

— 

19193 

500 

089 

5.6 

10.8 

1.93 

-- 

24833 

400 

087 

5.5 

21.3 

3.87 

~ 

— 

31742 

300 

078 

4.9 

34.2 

6.98 

4.8 

0.99 

35899 

250 

055 

2.9 

39.1 

13.50 

8.7 

3. 00 

407U1 

200 

087 

7.0 

51.0 

7.28 

13.3 

1.90 

Autumn 

46624 

150 

095 

11.8 

62.0 

5.25 

18.9 

1.60 

54383 

100 

091 

20.8 

76.4 

3.67 

26.1 

1.25 

61106 

70 

090 

19.2 

89.0 

4.64 

32.4 

1.69 

67789 

50 

090 

18.3 

102.3 

5.60 

38.7 

2.12 

78297 

30 

090 

25.7 

121.0 

4.71 

48.6 

1.89 

86857 

20 

090 

44.5 

137.1 

3.08 

56.7 

1.27 

See  note 

on  Table 

5-2 
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Table  S 

Chlare 

Mai  Seasonal 

for 

wind  Statistics  and  On-Statlon  Estimates 

Free  Balloon  Platform 

Seaaon 

Altitude 
(feet ) 

Preea 
(mba ) 

Wind 

Direction 
(degrees ) 

Wind 
Speed 
(knots ) 

80°  Constraint  Cond, 
On-StBtlon  Estimated 
Distance  Time 

(n. miles)  (hours) 

35’/  Constraint  Cond. 
On-Statlon  Estimated 
Distance  Time 

(n. miles)  (hours) 

■61165 

70 

267 

13.9 

89.2 

6.4 

32  5 

2.34 

67667 

50 

274 

8.7 

101.5 

11.7 

38.6 

4.  A  4 

Winter 

78363 

30 

090 

6.7 

121.2 

18.1 

48.6 

7.26 

86991 

20 

066 

12.0 

137.5 

11.5 

56.6 

4.71 

5'*318 

100 

255 

9.1 

76.3 

8.4 

26.0 

2.86 

61165 

70 

271 

1.4 

89.2 

63.8 

32.5 

23.20 

Spring 

67667 

50  • 

071 

3.3 

101.5 

19.2 

38.6 

7.30 

78363 

30 

118 

10.3 

121.2 

11.8 

48.6 

4.72 

86991 

20 

086 

12.6 

137.5 

10.9 

56,6 

4.49 

14373 

600 

259 

4.5 

1.8 

0.40 

— 

— 

19163 

500 

205 

1.1 

10.7 

9.79 

— • 

-■ 

24793 

400 

086 

5.8 

21.3 

3.67 

— 

—  • 

31683 

300 

077 

14.9 

34.1 

2.29 

4.8 

0.32 

Sunvner 

40686 

200 

075 

29.6 

51.0 

1.72 

13.2 

0.45 

46578 

150 

075 

40.0 

62.0 

1.55 

18.8 

0.4?’ 

54318 

100 

060 

51.9 

76.3 

1.47 

26.0 

0.50 

61165 

70 

087 

45.6 

89.2 

1.96 

32.5 

0.71 

67667 

50 

087 

44.4 

101,5 

2.29 

38.6 

0.87 

78363 

30 

090 

48.0 

121.2 

2.53 

48.6 

1.01 

86991 

20 

092 

52.3 

137.5 

2.63 

56.6 

1.08 

14373 

600 

223 

1.0 

1.8 

1.80 

— 

— 

19163 

500 

222 

1.5 

10.7 

7.15 

— 

— 

24793 

400 

230 

2.2 

21.3 

9,68 

— 

— 

31683 

300 

257 

3.6 

34.1 

9.48 

4.8 

1.33 

40686 

200 

258 

5.1 

51.0 

10.00 

13.2 

2.59 

Autumn 

46578 

150 

180 

2.4 

62.0 

25.80 

18.8 

7.83 

54318 

100 

094 

11.8 

76.3 

6.46 

26.0 

2.20 

61165 

70 

094 

12.6 

89.2 

7.08 

32.5 

2.58 

67667 

50 

091 

19.2 

101,5 

5.30 

38.6 

2.01 

78363 

30 

095 

27.4 

121.2 

4.43 

48.6 

1.76 

86991 

20 

096 

27.0 

137.5 

5.10 

56.6 

2.K 

See  note 

on  Table 
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to  easterly  near  the  40  mb  (72,  000  feet)  level  at  Saigon  in  winter.  Similar  con¬ 
ditions  are  indicated  in  the  other  tables  and  at  other  seasons.  The  regions  of 
wind  reversal  are  of  particular  interest  since  they  denote  a  static  layer  of  air  in 
which  a  balloon  may  remain  relatively  stationary  for  a  prolonged  period  of  time. 

A  more  descriptive  presentation  results  when  on-station  time  is  plot¬ 
ted  as  a  function  of  altitude  using  values  from  the  preceding  tables.  Figures  5-2, 
5-3,  5-4,  and  5-5  show  the  variation  of  on-station  time  for  the  measured  South¬ 
east  Asia  wind  data  during  each  season  based  on  a  25  nautical  mile  coverage  cir¬ 
cle  and  an  80'’  station  cone  (flat  terrain).  Measured  points  are  indicated.  The 
curves  are  faired  between  points  except  where  wind  reversal  is  indicated  by  a 
projection  toward  an  infinite  on-station  time.  In  Figure  5-2,  the  measured  points 
for  Saigon  show  a  resultant  wind  change  of  17  knots  in  approximately  5,  000  feet 
of  altitude,  indicating  that  altitude  control  may  be  a  sensitive  factor  in  balloon 
platform  design.  Saigon  data  was  taken  at  smaller  altitude  increments  than  the 
other  stations,  and  it  is  likely  that  a  sharp  transition  may  exist  at  all  stations. 

The  spring  and  autumn  seasons  (Figures  5-3  and  5-5)  show  a  wide  dif¬ 
ference  of  maximum  on-station  time  altitudes  between  data  stations.  The  summer 
season  (Figure  5-4)  shows  long  cn-station  times  are  likely  only  near  the  22,  000 
foot  level. 


On-station  times  for  the  35%  constraint  (mountainous  terrain)  condi¬ 
tions  are  from  1/3  to  1/2  the  80  condition,  indicating  requirements  for  number 
of  platforms  for  mountainous  terrain  will  be  two  to  three  times  the  flat  terrain  re¬ 
quirement. 


5. 2.  2.  5  Discussion  of  Balloon  On-Station  Requirements.  A  balloon  platform 
capable  of  holding  a  constant  altitude  will  remain  on  station  for  many  hours  in 
the  minimum  wind  field  during  winter  and  spring  seasons.  An  estimate  of  the 
number  of  balloon  systems  required  may  be  made  for  a  specific  case  as  follows: 


Assume : 


a.  Balloon  on-station  altitude  (h)  =  68,500  feet. 

b.  Saigon,  flat  terrain  (See  Figure  5-2). 

c.  Battery  life  limits  on-station  time  to 

70  hours  maximum. 

d.  Relay  required  continuously  on  station 

(day  and  night). 

e.  Eighty-five  percent  of  ideal  on-station  path 

is  average  due  to  launch  accuracy  and 
reliability  of  performance. 
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ALTITUDE  (THOUSAND  FEET) 


ON-STATION  TIME  (HOURS) 


Figure  5-2.  Estimate  of  Free  Balloon  "On  Station"  Time  vs 

Altitude,  at  Three  Southeast  Asia  Locations  During 
Winter,  Over  Flat  Terrain 
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ON-STATION  TIME  (HOURS) 


Estimate  of  Free  Balloon  "On  Station"  Time  vs  Altitude 
At  Three  Southeast  Asia  Locations  During  Spring  Over 
Flat  Terrain 


ALTITUDE  (THOUSAND  FEET) 


r 


ON-STATION  TIME  (HOURS) 

Figure  5-4.  Estimate  of  Free  Balloon  "On  Station"  Time  vs 

Altitude, at  Three  Southeast  Asia  Locations  During 
Summer  Over  Flat  Terrain 
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ALTITUDE  (THOUSAND  FEET) 


90 


ON-STATION  TIME  (HOURS) 


Figure  5-5.  Estimate  of  Free  Balloon  "On  Station"  Time  vs 

Altitude,  at  Three  Southeast  Asia  Locations  During 
Autumn,  Over  Flat  Terrain 
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Then,  the  number  of  balloon  systems  per  day 

N  =  0.403  per  day  in  winter  (t^  =  70  from  Figure  5-2) 

=  0.403  per  day  in  spring  (t^  =  70  from  Figure  5-3) 

=  9.41  per  day  in  summer  (t  =3.0  from  Figure  5-4) 

s 

=  4.  70  per  day  in  autumn  (t^  =  6.  0  from  Figure  5-5) 

Thus,  a  year's  requirement  total  1,357  systems  for  a  continuous  single  relay 
station. 

A  similar  determination  of  requirements  at  DaNang  with  mountainous 
conditions,  balloon  height  =  70,  500  feet,  gives  a  year's  requirements  total  of 
4,  100  systems  for  a  continuous  single  relay  station. 

The  foregoing  provides  a  methodology  for  estimating  platform  quan¬ 
tity  requirements  when  tactical  application,  number  of  channels,  mission  dura¬ 
tion,  and  support  requirements  are  defined. 


5.2.3  Balloon  System  Description 


5. 2. 3.1  Introduction.  A  suggested  balloon  system  of  minimum  sophistication 
consists  of  a  superpressure  envelope  structure  of  natural  shape,  filled  with 
helium  gas  which  supports  a  cylindrical  payload  with  a  limp  wire  antenna  sus¬ 
pended  below  it.  This  basic  platform  and  relay  assembly  properly  packaged  is 
propelled  from  the  ground  toward  station  position  by  a  solid  propellant  rocket 
motor  which  separates  from  the  remainder  of  the  launch  round  at  a  selected 
point  along  the  trajectory,  deploying  the  balloon  in  the  manner  of  a  streaming 
parachute:  the  spent  motor  falling  free  on  its  own  trajectory  to  the  ground.  Dur¬ 
ing  deployment,  helium  gas  stored  at  5,  000  psi  in  a  reservoir  in  the  forward  end 
of  the  round  is  fed  at  a  controlled  rate  through  a  valve  and  feed  line  to  the  balloon 
envelope  directly  behind  the  relay  assembly.  When  the  balloon  is  fully  inflated, 
the  valve  is  sealed  to  prevent  escape  of  helium  from  the  balloon  and  the  forward 
portion  of  the  launch  round  separates  and  falls  to  the  ground  as  the  balloon  and 
energized  relay  with  antenna  extended  seek  an  equilibrium  station  altitude.  A  se¬ 
quence  of  the  above  described  events  is  depicted  in  Figure  5-6. 


A  launch  round  is  defined  as  a  complete  vehicle,  launched  from  the 
ground  to  place  a  balloon  platform  and  relay  system  on  station.  It  includes  the 
following  major  components; 


Balloon  Gas  reservoir 

inflation  gas  Booster  motor 

Fayload  Control  hardware 
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Figure  5-6.  Balloon  Launch,  Deployment  and  Inflation  Seque 


i 


The  payload  weight  determines  the  balloon  size.  The  lifting  gas 
storage  reservoir  size  is  then  determined  by  the  balloon  size.  The  combined 
weight  of  balloon,  gas  reservoir,  and  payload  then  determine  the  size  of  the  boost 
er  motor. 


A  preliminary  investigation  is  presented  of  the  characteristic  rela¬ 
tionships  of  these  major  components  using  70,  000  feet  as  a  representative  station 
altitude.  Figure  5-7  shows  an  arrangement  of  the  major  components  comprising 
a  typical  launch  round.  The  features,  dimensions,  and  relative  weights  are  dis¬ 
cussed  in  the  following  paragraphs. 

5. 2.  3. 2  Balloon  Design.  For  reasons  of  material  weight  and  strength  efficien¬ 
cy,  a  natural-shaped  balloon  is  considered  a  likely  choice  for  the  relay  platform. 
This  is  the  shape  that  the  balloon  achieves  at  float  altitude  if  circumferential  stress 
is  zero.  The  contour  can  be  accurately  determined  as  a  function  of  balloon  mate¬ 
rial  weight  and  payload  weight.  References  5,  6a,  and  8b  provide  extensive  back¬ 
ground  on  balloon  shape  technology. 

Employing  the  natural  shape  design,  a  superpressure  is  provided  by  a 
15  percent  over-supply  of  lifting  gas  arbitrarily  selected  to  compensate  for  thermal 
variations  and  gas  leakage  over  a  maximum  station  period. 

To  maintain  a  nearly  constant  volume  under  the  effects  of  over¬ 
pressure  calls  for  a  strong  material  with  low  expansion  characteristics.  A  Mylar 
film  reinforced  with  Dacron  scrim  has  been  selected  for  the  balloon  material  in 
this  study  which  has  a  weight  of  0.  0055  pounds  per  square  foot.  Development  of 
thin  Mylar  films  laminated  with  220  denier  Dacron  leno  weave  with  its  adhesive 
are  described  in  References  6b,  7b,  and  8a. 

For  equilibrium  conditions  at  70,  000  feet  altitude,  the  gross  load 
must  equal  the  gross  lift.  Gross  lift  is  the  difference  in  the  weights  of  displaced 
air  and  an  equivalent  volume  of  the  lifting  gas  at  equal  pressure  and  temperature. 
Gross  load  is  the  sum  of  the  weights  of  the  balloon,  lifting  gas,  and  the  payload. 

Figure  5-8  shows  the  variation  of  gross  load,  balloon  weight,  and  lift¬ 
ing  gas  weight  with  payload  where  helium  is  the  lifting  gas  and  balloon  material 
is  Mylar  film  reinforced  with  Dacron  scrim  at  0.  0055  Ib/ft^  plus  5%  seam  allow¬ 
ance. 

5.  2.  3.  3  Lifting  Gas.  Although  Hydrogen  shows  advantages  in  weight  and  pos¬ 
sibly  overall  cost.  Helium  is  considered  the  likely  choice  of  lifting  gas  for  reasons 
of  safety  and  reliability.  An  inert  gas  is  preferred  in  the  proximity  of  pyrotechnic 
actuators  and  rocket  boosters. 

5.  2. 3. 4  Gas  Storage  Reservoir.  Gas  storage  vessels  are  produced  from  mild 
steel  at  relatively  low  cost.  More  efficient  in  terms  of  weight  and  size  are  vessels 
of  carbon  steel,  monofilament  wound  glass  fibers,  and  titanium.  Shapes  vary 
from  long  cylindrical  to  a  sphere.  The  sphere  is  more  efficient  in  terms  of  con¬ 
tained  volume  per  unit  weight  of  vessel.  However,  the  gas  container  represents 
such  a  large  percentage  of  the  launch  round  tha*^  a  sphere  is  not  compatible  with  a 
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DIMENSIONS  IN  INCHES  UNLESS  OTHERWISE  NOTED 


COMPOIVENT  AND  GROSS  LOAD  -  POUNDS 


SUPERPRESSURE  BALLOON  -  GT-111  MATERIAL 
STATION  ALTITUDE  =  70,000  FT. 


PAYLGAD  -  POUNDS 


i 


Figure  5-8.  Grota  Load,  Balloon  Weight  and  Helium  Weight  vi  Payload 
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slender,  low  drag  flight  vehicle.  A  composite  high  strength  steeJ  cylinder  with 
hemisphere  ends  employing  monofilament  glass  fibei  s  wound  under  tension  around 
the  cylindrical  length  has  proven  feasible  for  similar  applications.  In  production 
quantities  the  cost  of  the  sophisticated  composite  vessel  is  expected  to  result  in  a 
total  launch  round  cost  which  is  competitive  with  one  employing  a  low  cost,  but 
heavy  mild  steel  storage  vessel.  Reference  7a  reports  an  analysis  of  the  weight 
and  cost  relationship  of  the  composite,  high-strength  steel,  and  mild  steel  bottles 
for  an  air-launched  balloon  application.  The  benefit  of  a  minimum  weight  gas 
storage  vessel  will  be  more  pronounced  In  the  ground  launched  round  cost. 

Titanium  bottles  appear  to  possess  even  greater  potential  benefit  for 
this  application  because  of  their  high  strength  to  weight  factor.  However,  insuf¬ 
ficient  data  are  available  to  establish  a  weight  and  cost  relationship  at  this  time. 

A  review  of  available  data  shows  that  the  composite  vessel  provides 
a  higher  efficiency  than  the  glass  sphere.  A  convenient  index  for  comparison  of 
types  is  the  ratio  of  bottle  weight  to  weight  of  stored  helium.  This  index  accounts 
for  vessel  design  pressure  and  slenderness  ratio  among  the  variables.  An  index 
of  12.  5  applies  to  an  unslender  composite  cylinder  designed  for  5,  COO  psi  internal 
pressure,  whereas  an  index  of  20  is  characteristic  of  glass  wound  spheres.  Con¬ 
ventional  steel  cylinders  designed  for  3, 000  psi  have  an  index  of  30  -  30.  An  in¬ 
dex  of  12.  7  has  been  used  in  estimating  bottle  weight  representative  cf  a  slender, 

5,  000  psi  storage  cylinder. 

5.2.3.  5  Booster  Motor.  The  slenderness  ratio  of  the  total  launch  round  is 
determined  largely  by  the  gas  storage  cylinder.  The  objective  has  been  to  provide 
a  length  to  diameter  ratio  for  the  total  round  of  15  or  m.ore,  typical  of  efficient 
sounding  rocket  des'gn.  The  booster  weight  parameter  has  been  determine*^  by 
the  required  weight  to  be  boosted  and  the  diameter  of  the  helium  bottle.  Booster 
motor  length  then  provides  for  propellant  and  nozzle  requirements  at  a  predeter¬ 
mined  diameter  as  a  function  cf  the  helium  bottle  size.  Booster  design  has  involved 
an  approximation  process  for  a  common  end  burning  propellant  composition  and 
its  performance.  There  has  been  no  attempt  to  optimize  the  rocket  characteristics, 
although  a  refined  analysis  would  consider  changes  in  propellant  to  fast  burning 
grains,  particularly  in  the  large  sizes  for  maximum  performance  efficiency. 

5.2.  3. 6  Control  Hardware.  The  total  weight  parameter  is  not  greatly  influ¬ 
enced  by  the  control  hardware.  A  principal  item  will  be  a  timing  device  to 
(1)  initiate  separation  of  the  booster  motor  from  the  remainder  of  the  launch 
round,  and  (2)  cause  release  of  the  helium  storage  bottle  after  the  balloon  has 
been  fully  inflated.  Explosive  bolts  may  be  used  for  the  separation  actuation  func¬ 
tions.  These  are  functions  which  are  well  within  current  technology.  The  weight 
and  cost  factors  have  been  assumed  to  be  a  part  of  the  inflation  subsystem  for 
purposes  of  this  analysis. 
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radio  frequency  power  levels,  receiver  sensitivities,  power  requirements,  oper¬ 
ational  life,  interference,  jamming,  platform  performance,  platform  payloads, 
compatibility,  basing,  availability,  and  costs. 

The  study  was  broken  into  four  tasks;  communication  mission  require¬ 
ments,  propagation  analysis,  relay  analysis,  and  platform  analysis. 
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